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Unveiling the nature of the unidentified gamma-ray sources II: 
radio, infrared and optical counterparts of the gamma-ray blazar 

candidates 

F. Massaro^ R. D'Abrusco^, A. Paggi^, N. Masetti^ M. Giroletti^, 
G. Tosti5'^ Howard A. Smith^, & S. Funk^. 

ABSTRACT 

A significant fraction (~30%) of the high-energy gamma-ray sources hsted 
in the second Fermi LAT catalog (2FGL) are still of unknown origin, being 
not yet associated with counterparts at low energies. We recently developed a 
new association method to identify if there is a 7-ray blazar candidate within 
the positional uncertainty region of a generic 2FGL source. This method is 
entirely based on the discovery that blazars have distinct infrared colors with 
respect to other extragalactic sources found thanks, to the Wide-field Infrared 
Survey Explorer ( WISE) all-sky observations. Several improvements have been 
also performed to increase the efficiency of our method in recognizing 7-ray blazar 
candidates. In this paper we applied our method to two different samples, the 
first constituted by the unidentified 7-ray sources (UGSs) while the second by the 
active galaxies of uncertain type (AGUs), both hsted in the 2FGL. We present 
a catalog of IR counterparts for ~20% of the UGSs investigated. Then, we also 
compare our results on the associated sources with those present in literature. 
In addition, we illustrate the extensive archival research carried out to identify 
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the radio, infrared, optical and X-ray counterparts of the WISE selected, 7-ray 
blazar candidates. Finally, we discuss the future developments of our method 
based on ground-based follow-up observations. 

8 Subject headings: galaxies: active - galaxies: BL Lacertae objects - radiation 

9 mechanisms: non-thermal 



Introduction 



11 Unveiling the nature of the Unidentified Gamma-ray Sources (UGSs) (e.g.. lAbdo et al. 20091 ) 

12 is one of the biggest challenges in contemporary gamma-ray astronomy. Since the era of the 

13 Compton Gamma-ray Observatory many 7 -ray objects have not been conclusively associ- 

14 ated with counterparts at other frequencies (IHartman et al. 19991 ) , although various classes 

15 have been in vestigated to und erstand whether they are likely to be detected at 7-ray energies 



16 or not (e.g., [Thompson 20081 ). 



According to the Second Fermz Large Area Telescope (LAT) catalog (2FGL: lNolan et al. 20121 ). 
~l/3 of the 7-ray detected sources are still unassociated with their low energy counter- 
parts. Moreover a large fraction of the UGSs are likely to be of blazars, the rarest class 
of radio loud active g a lactic nuclei, beca use their emission dominates the 7-ray sky (e.g., 
Mukherjee et al. 19971 : lAbdo et al. 2010l ). However, due to the incompleteness of the cur- 



rent radio and X-ray surveys on the basis of the usual 7-ray association method is not 
always possible to find the blazar-like counterpart of an UGS. Additional attempts have 
also been recently develo ped to associa t e or to characterize the U GSs using either pointed 



[e.g. 



Mirabal et al. 2010 



Swif t observations (e.g., iMirabal 20091: iMirabal fc Halpern 20091 ) or statistical approaches 



Ackermann et al. 20121 ). 



27 Blazar emission is characterized by high and variable polarization, apparent superlumi- 

28 nal motions, and high luminosities, generally combined with a flat radio spectrum that steep- 

29 ens toward the infrared-optical bands a nd together with rapid flux variability from the radio 



30 to 7-rays (e.g., lUrry &: Padovani 19951 ). Their spectral energy distributions show two main 



31 broad components: a low-energy one peaking in the range from the I R to the X-ray band , 

32 and a high-energy component peaking from MeV to TeV energies (e.g.. lGiommi et al. 20051 ). 



33 Blazars are divided in two main classes: the low luminosity class constituted by the BL 

34 Lac objects and characterized by featureless optical spectra, and the second class composed 

35 of fiat-spectrum ra d io quasars that s how optical emission lines, typical of quasar spectra 

36 (IStickel et al. 199ll : IStoke et al. 199ll ). In the following we label the BL Lac objects as 

37 BZBs and the fiat-spectrum radio quasars as BZQs, following the nomenclature of the Mul- 
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38 tifrequency Catalogue of Blazars fROMA-BZCAT. lMassaro et al. 20091 : Massaro et al. 2010 



Massaro et al. 2011al ). 



40 On the basis of the prelim inary data release of the Wide-field Infrared Survey Explorer 

41 {WISE, see Wright et al. 2010 , for more details)0, we discovered that in the 3-dimensional 
42 IR color space 7-ray emitting blazars lie in a distinct region, well separated from other extra- 
43 galactic sources whose IR emission is dominated by thermal radiation (e.g. . Massaro et al. 2011b 



D'Abrusco et al. 20121 1. 



45 According to D'Abrusco et al. (2013) we refer to the 3-dimensional region occupied by 

46 7-ray emitting blazars as the locus, to its 2-dimensional projection in the [3.4]-[4.6]-[12] /im 

47 color-color diagram as the WISE Gamma-ray Strip. 

48 This WISE analysis led to the development of a new association meth od to recognize 7- 

49 ray blazar candidates for the unidentified 7-ray sources listed in t he 2FGL (iMassaro et al. 2012a 
Massaro et al. 2012bh . as well as in the 4*^^ INTEGRAL catalog jMassaro et al. 2012ch . 



51 In the present paper we adopt several improvements recently made on the a ssociation 

52 procedure and we use a more conservative approach (see iD'Abrusco et al. 20131 . for more 

53 details), mostly based on the WISE full archive B, available since March 2012 (see also 



Cutri et al. 20121 ). We successfully tested the association procedur e on all the blazars listed 



55 in the Second Fermi LAT Catalog of active galactic nuclei (2LAC; lAckermann et al. 20111 ) 

56 and in the 2FGL catalogs, to estimate its efficiency and its completeness. 

57 In this paper we apply this method to the UGSs and to sample of the active galactic 

58 nuclei of uncertain type (AGUs) that have still unclear classification (see 2FGL and also 

59 Section [22] for specific definition of the class), both listed in the 2FGL. We also performed 

60 an extensive literature search looking for multifrequency information on the 7-ray blazar 

61 candidates selected on the basis of their WISE colors to confirm their nature. As we show 

62 below this research is crucial to determine whether or not there are classes of Galactic 

63 and extragalactic sources that, having IR colors similar to those of blazars, could be a 

64 contaminants of the association method. 

65 The paper is organized as follows: in Section |2] we describe the sample selected. In 

66 Section |3] we illustrate the basic details of the association procedure and highlight the 

67 improvements with respect to the previous version. In Section H] we describe the results 

68 obtained. Section E] is dedicated to the correlating our results with several databases at 



^http://wise2. ipac.caltech.edu/docs/release/prelim/ 
^http://wise2.ipac.caltecli.edu/docs/release/allsky/ 
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69 radio, infrared, optical and X-ray frequencies to characterize the multifrequency behavior 

70 of the 7-ray blazar candidates. We then compare our resuhs on the associated sources 

71 with those based on statistical methods developed by Ackermann et al. (2012) in Section O 

72 Finally, Section [7] is devoted to our conclusions. 

73 The most frequent acronyms used in the paper are listed in Table [H 



2. Sample selection 
2.1. The unidentified gamma-ray sources 



76 Our primary sample of UGSs consists of all t he sources for which no counterpart was as- 



77 signed at low energies in the 2FGL or in the 2LAC flNolan et al. 20121 : lAckermann et al. 2011 

78 respectively), for a total of 590 7-ray objects. 

79 We considered and analyzed independently two subsamples of UGSs, distinguishing the 

80 299 Fermi sources without any 7-ray analysis flags from the other 291 objects that have a 

81 warning in their 7-ray detection. This distinction has been performed because future releases 

82 of the Fermi catalogs based on improvements of the Fermi response matrices and revised 

83 analyses, could make their detection more re liable, as occurred for a handful of sources 

84 flagged in the first Fermi LAT catalog (IFGL, lAbdo et al. 201ol : iNolan et al. 2012[ ). 



2.2. The active galaxies of uncertain type 

According to the definition of the 2LAC and 2FGL catalogs, active galaxies of uncertain 
type (AGUs) are 7-ray emitting sources with at least one of the following criteria: 



they do not have a good optical spectrum available or with an uncertain classification, 
as for example, sources classified as blazars of uncertain type (BZU) in the ROMA- 
BZCAT; 

they have been selected as candidate counterparts on the basis of the logN - logS 
and the Likelihood Ratio metho ds described in the 2L AC and ap plied to several radi o 
catalogs: i ncluding the AT2 0G jMurphv et al. 201oh. CR ATES Jflealev et al. 2007h . 



or CLASS ( Falco et al. 19981 ) (see Ackermann et al. 2011 . for details); 



95 

96 



3. 



they are coincident with a radio and a X-ray source selected by the Likelihood Ratio 
method. 
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97 The number of AGUs in the 2FGL, that have been analyzed is 210; excluding 7-ray 

98 sources with analysis flags (deflned according to both the 2FGL or the 2LAC descriptions). 



99 3. The Association Procedure 

100 The complete description of our association procedure together with the estimates of its 

101 efficiency and its completeness can be found in D'Abrusco et al. (2013) where we discuss a 

102 new and improved version of the association method based on a 3-dimensional parametriza- 

103 tion of the locus occupied by 7-ray emitting blazars with WISE counterparts. Here we 

104 provide only an overview. We note that the results of the improved method are in agree- 

105 ment with those of the previous parametrization, thus superseding the previous procedure 



106 (IMassaro et al. 201 Ibl : iMassaro et al. 2012al : iMassaro et al. 2012bl ) . 



107 The new association procedure was built to improve the efficiency of recognizing 7-ray 

108 blazar candidates, to decrease the number of possible contaminants and, at the same time, 

109 to determine if a selected 7-ray blazar counterpart is more likely to be a BZB or a BZQ. The 
no main differences between the two association methods reside in the parameter space where 

111 the locus has been defined (IR color space for the old version and principal component space 

112 for t he new one) and in the assignment criteria of the classes for the 7-ray blazar candidates 



113 (see iD'Abrusco et al. 20131 ). The new method also takes into account of the correction for 

114 Galactic extinction for all the WISE magnitude^ according to the Draine (2003) relation. 

115 As shown in D'Abrusco et al. (2013), this correction affects only marginally the [3.4]-[4.6] 

116 color, in particular at low Galactic latitudes (i.e., |6| <15 deg). 

117 The principal component analysis is designed to reduce the dimensionality of a dataset 

118 consisting of usually large number of correlated variables while retaining as much as possible 

119 of the variance present in the data in the smallest possible number of orthogonal parame- 

120 ters. This is achieved by transforming the observed parameter into a new set of variables, the 

121 principal components. They are ordered so that the first accounts the largest possible vari- 

122 ance of the original dataset and the others in turn have the hi ghest variance possible unde r 



123 the constraint of being orthogonal to the preceding ones (e.g., iPearson 190ll : iJoUiffe 20021 ). 

124 Thus our new parametrization of the locus in the PC space, where the maximum variance 

125 is contained along only one axis, is simpler than any other possible representation in the IR 

126 color space. 

127 For each 7-ray source we defined a search region: a circular region of radius 6*95 equal 



•^The IR magnitudes in the [3.4], [4.6], [12], [22] /im nominal WISE h&nds are in the Vega system. 



- 6 - 



128 to the semi-major axis of the elhpse corresponding to the positional uncertainty region of 

129 the Fermi sou rce at 95% level of confidence and centered at the 2FGL position of the 7-ray 

130 source (e.g., iNolan et al. 20121 ). We selected and calculated the IR colors for the WISE 



131 sources within the search region detected in all four bands. 

132 To compare the infrared colors of generic infrared sources that lie in the search region 

133 with those of the 7-ray emitting ones, we developed a 3-dimensional parametrization of 

134 the locus in the parameter space of its principal components. The locus was described as 

135 a cylinder in the space of the principal components. This choice simplifies and improves 

136 the previous descriptio n built using irregular quadrilaterals on all the color-color diagrams 



137 (iMassaro et al. 2012al ). Moreover, the cylinder axis is aligned along the first PC axis, which 

138 accounts for the larger fraction possible of the variance of the dataset in the IR color space, 

139 is the simplest parametrization available. 

140 We then assign to each source score value s that is a proxy of the distance between the 

141 locus surface and the source location in the 3-dimensional parameter space of the principal 

142 components. The values of s allow to to evaluate if the IR colors of a generic source are 

143 consistent with those of the known 7-ray emitting blazars. They were weighted taking into 

144 account of all the color errors and they are also normalized between and 1. We define 

145 three classes (i.e.. A, B, C) of reliability for the 7-ray blazar candidates. A generic source is 

146 assigned to class A, class B or class C when its score his higher than the threshold values 

147 defined by the 90%, 60% and 30% percentiles of the score distributions of all the 7-ray blazars 

148 that constitute the locus, respectively. We consider reliable 7-ray blazar candidates only 

149 those having the score higher than 70% of their distributions. Thus sources with high values 

150 of the score (e.g., >0.8) are very likely to be blazars and belong to class A, while sources 

151 with score values ~0.5 belong to class C and are less probable 7-ray blazars. IR sources 

152 that having score values null or extremely low (e. g., ~0.1) were marked as outliers and 



153 were not considered as 7-ray blazar candidates (see iD'Abrusco et al. 20131 . for an extensive 

154 explanation on the class definitions). 

155 The locus was divided in subregions on the basis of the space density of BZBs and BZQs 

156 in the parameter space of its principal components, thereby permitting us to determine if a 

157 selected 7-ray blazar candidate is more likely to be a BZB or a BZQ. 

158 Finally, we ranked all the WISE sources within each search region and selected as best 

159 candidate counterpart for the UGS the one with the highest class; when more than one 

160 candidate of the same class was present, we chose the one closest to the 7-ray position as 

161 best one. 
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4. Results 

4.1. The unidentified gamma-ray sources 

For the UGSs without 7-ray analysis flags we found 75 7-ray blazar candidates out of 
65 the 299 objects analyzed: 8 sources have 2 candidates, 1 source has 3, and 1 source has 4 
.66 candidates, while 52 associations are unique. We found 2 7-ray blazar candidates of class 
67 A, 12 of class B and 61 of class C, respectively, in the whole sample of 75 sources; 32 of them 
6B are classifled as BZB type, 29 as BZQ type and the remaining 14 are still uncertain (see 



D'Abrusco et al. 20131 . for more details). All our 7-ray blazar candidates have a signal-to- 



rn 

70 noise ratio systematically larger than 10.9 in the WISE band centered at 12/im and larger 

71 than ~20 for the 3.4/im and 4.6/im nominal bands. For all these 75 sources we performed a 

72 cross correlation with the major radio, infrared, optical, and X-ray surveys (see Section E]). 

73 In the sample of UGSs with 7-ray analysis flags we found 71 7-ray blazar candidates out 

74 of the 291 objects investigated: 6 sources have 2 candidates, 4 sources have 3 candidates, 2 

75 sources have 4 and 6 candidates, respectively, while 35 associations are unique. We found 

76 8 7-ray blazar candidates of class A, 20 of class B and 43 of class C, respectively, in the 

77 whole sample of 71 sources; 36 of th em are classified as BZB type, 22 as BZQ type and the 



78 remaining 13 are still uncertain (see iD'Abrusco et al. 20131 ). We also performed the cross 



79 correlation with the major radio, infrared, optical, and X-ray databes for these 71 UGSs 

80 listed in the Section |5l 



181 4.2. The active galaxies of uncertain type 

182 For the AGU sample we found 125 7-ray blazar candidates out of the 210 sources 

183 analyzed: 10 sources have 2 candidates within their search region^ while the remaining 

184 105 candidates have unique associations. There are 10 7-ray blazar candidates of class A, 

185 39 of class B and 76 of class C, respectively, in the whole sample of 125 sources; 52 out 

186 of 125 are classified as BZB type on the basis of the IR colors of blazars of similar t ype. 



187 39 as BZQ type and the remaining 34 are still uncertain (see iD'Abrusco et al. 20131 . for 

188 more details). Eighty-seven sources out of 125 associations correspond to those reported 

189 in the 2LAC or in the 2FGL. All our 7-ray blazar candidates have a signal-to-noise ratio 

190 systematically larger than 10.9 in the WISE band centered at 12/im and larger than ~20 

191 for the 3.4/im and 4.6/im nominal bands. In these case we did not provide any additional 

192 radio or X-ray information since it is already present in both the 2LAC and the 2FGL, 

193 while a multifrequency investigation has been performed for the remaining 38. Additional 
194 IR information for all the AGUs associated will be discussed in Section 15.21 
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195 4.3. Comparison with previous associations 

196 The fraction of sources for which we have been able to find a 7-ra y blazar counterpart is 



197 about ^15- 20% lower than prese nted in previous analyses of UGSs ( iMassaro et al. 2012b| ) 



198 and AGUs ( IMassaro et al. 2012al ). respectively. This difference occurs because a more con- 

199 servative approach has been adopted in the new parametrization of the locus. We not limit 

200 blazar candidates to th ose having the scores h igher than 30% of the entire distribution of 



201 7-ray emitting blazars (ID'Abrusco et al. 20131 ). rather than 10% as in the previous analy 



202 sis. These choices made our association method more efficient, so decreasing the number 

203 of WISE sources with IR colors similar to those of the 7-ray blazar population. In addition, 

204 we now use a search region of radius ^95 instead of that at 99.9% level of confidence, to be 

205 consistent with the associations of the 2FGL and the 2LAC catalogs. All the sources listed 

206 in this work as 7-ray blazar candi dates were also select ed in our previous analysis based on 



VF/S'i? Preliminary data analysis (IMassaro et al. 2012bl ). 



We note that only three IR WISE sources have the "contamination and confusion" flag 



209 that might indicate a WISE spurious detection of an artifact in all bands (e.g.. lCutri et al. 20121 ) 

210 It occurs for WISE J085238. 73-575529.4 within the AGUs, WISE J084121.63-355505.9 in the 

211 UGS sample, and WISE J125357.07-583322.3 among the UGS with 7-ray analysis flags. The 

212 large majority (i.e., ~90%) of the WISE sources considered do not show any VF/^E" analysis 

213 flags, with 10% clean in at least two IR bands. 

214 Finally, we remark that several 7-ray pulsars have been identified since the release of 

215 the 2FGL where they were listed as UGSs. However, we tested these UGSs and we did not 

216 find any WISE blazar-like counterpart associable to them. Thus, in agreement with other 

217 gamma-ray pulsars listed in the the Public List of LAT- Detected Gamma-Ray Pulsars 0. 



218 5. Correlation vi^ith existing databases 

219 We searched in the following major radio infrared, optical and X-ray surveys as well as 

220 in the NASA Extragalactic Database (NED) |3 for possible counterparts within 3". 3 of our 

221 7-ray blazar candidates, selected with the WISE association method, to see if additional 

222 information could confirm their blazar-like nature. The angular separation of 3". 3 from the 

223 WISE position was chosen on the basis of the statistical analysis previously performed to 



''https:/ /confluence. slac. Stanford. edu/display/GLAMCOG/Public+List+of+LAT-Detected+Gamma-Ray+Pulsars 



^littp://ned.ipac.caltedi.edu/ 
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224 assign a WISE counterpart to each ROMA-BZCAT source (iD'Abrusco et al. 20131 ) devel- 

225 oped following the approach described in Maselli et al. (2012a, 2012b). In particular, we 

226 found that for all radii larger than 3". 3 the increase in the number of IR sources positionally 

227 associated with ROMA-BZCAT blazars becomes systematically lower than the increase in 

228 number of random associations. This choice of radius results in zero multiple matches. 



229 
230 
231 
232 
233 
234 
235 
236 
237 
238 
239 
240 
241 
242 
243 
244 

245 
246 
247 
248 

249 
250 
251 
252 
253 
254 
255 
256 
257 
258 
259 



For the radio counterparts we used the NRAO VLA Sky Survey fNVSS: ICondon et al. 19981, 
- N) , the VLA Fain t Images of the Radio Sky at Twenty-Centimeters fFIRST: lBecker et al. 19951: 
White et al. 19971 . - F), the Sydney University Molonglo Sk y Survey (SUMSS;|Mauch et al. 2003 . 



- S) and the Australia Telescope 20 GHz Survey (AT20G; iMurphv et al. 2010l. - A); for the 
infrared we used the Two Micron All Sky Survey (2MASS; ISkrutskie et al. 20061 . - M) since 
each WISE source is a. lready associated with the closest 2MASS source by the default catalog 
(see ICutri et al. 20121 . for more details). We also marked sources that are variable when 



having the variabi lity flag higher than 5 in at least one band as in the WISE all-sky catalog 
( ICutri et al. 20121 ). Then, we also searched for optical c ounterparts, with possible spec- 



tra available, in the Sloan Digital Sky Survey (SDSS; e.g. lAdelman-McCarthv et al. 2008 



Paris et al. 2012 



Jones et al. 2009 



Jones et al. 2004 : 



s), in the Six-degree-Field Galaxy Redshift Survey (6dFGS; 
- 6); while f or the high energy we looked in the soft X-rays using the 
ROSAT all-sky survey (RASS; IVoges et al. 19991 . - X). A deeper X-ray analysis based on 
the pointed observations present in the X MM-Newton, Chan dra, Swift: and Suzaku archives 
will be performed in a forthcoming paper (jPaggi et al. 20131 ). We also considered NED for 
additional information. 



We also searched in the USNO-B Catalog (IMonet et al. 20031 ) for the optical coun- 
terparts of our 7-ray blazar candidates within 3". 3; this cross correlation will be useful to 
prepare future follow up observations and the complete hst of sources together with their 
optical magnitudes is reported in Appendix. 

In Table [2] we summarize all the multifrequency information for the UGS samples, 
without and with the 7-ray analysis flags, respectively, while all the details are given in in 
Table [3] and Table m In Tableland Table |6] we report our findings the AGUs. In each table 
we report the 2FGL source name, together with that of the WISE associated counterpart 
and a generic one from the surveys cited above. We also report the IR WISE colors, the type 
and the class of each candidate derived by our association procedure, the notes regarding 
the multifrequency archival analysis, as the optical classification, and, if known, the redshift. 
In Table [5] and Table |6l we also indicate if the selected source is the same associated by the 
2FGL and the 2LAC. Figure [T] shows the 3-dimensional color plot comparing the IR colors 
of the selected 7-ray blazar candidates with the blazar population that constitutes the locus. 
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Table 1: List of most frequent acronyms. 



Name 


Acronym 


Multifrequency Catalog of blazars 


ROMA-BZCAT 


First Fermi Large Area Telescope catalog 


IFGL 


Second Fermi Large Area Telescope Catalog 


2FGL 


Second Fermi LAT Catalog of Active Galaxies 


2LAC 


BL Lac object 


BZB 


Flat Spectrum Radio Quasar 


BZQ 


Blazar of Uncertain type 


BZU 


Unidentified Gamma-ray Source 


UGS 


Active Galactic nucleus of Uncertain type 


AGUs 



Table 2: Number of counterparts in the radio, infrared, optical and X-rays surveys for the 
unidentified gamma-ray sources. 



survey 


band 


counterparts/total 


counterparts/total 






UGS (no 7-fiags) 


UGSs (7-fiags) 


NVSS 


radio 


19/75 


4/71 


FIRST 


radio 


6/75 


1/71 


SUMSS 


radio 


7/75 


0/71 


2MASS 


infrared 


43/75 


47/71 


6dFGS 


optical 


1/75 


1/71 


SDSS 


optical 


13/75 


1/71 


ROSAT 


X-ray 


3/75 


1/71 
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Fig. 1. — The 3D representation of the locus (known 7-ray blazars are indicated in yellow) 
in comparison with the selected 7-ray blazar candidates: UGSs (red) and AGUs (black). 

260 5.1. Radio counterparts 

261 In the UGS sample of sources without 7-ray analysis flags, 19 have a counterpart in the 

262 NVSS; 7 in the SUMSS and 6 only in the FIRST (5 in common with the previous 19 in 

263 the NVSS). In the list of UGSs with 7-ray analysis flags, we found only 4 sources having 

264 a radio counterpart in the NVSS, one also detected in the FIRST, but none in the SUMSS 

265 or in the AT20G catalogs. In Figure [2] we show the archival NVSS radio image of WISE 

266 J134706.89-295842.3, the candidate low-energy counterpart of 2FGLJ1347.0-2956. 

267 Within the AGU sample, 12 sources out the 38 new associations proposed have unique 

268 counterparts in one of the considered radio survey. Two of them: BZUJ1239+0730 and 

269 BZU J1351-2912, were also classified as Blazars of uncertain type in the ROMA-BZCAT 

270 (e.g., 

271 FIRST, 2 in the SUMSS and 1 in the AT20G. 



Massaro et al. 2011al ). while the remaining one are divided as 6 in the NVSS, 1 in the 



- 12 - 



NVSS: NVSS J084121-355506 (levs = + /- 1 ,1 .4,2,2.8,4...mJy/b) 
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Fig. 2. — The archival NVSS radio observations (15' radius) of the 7-ray blazars candidates: 
W5EJ084121. 63-355505.9 (left) and J134042.02-041006.8 (right), associated with the 

Fermi sources 2FGLJ0841. 3-3556 and 2FGLJ1340. 5-0412, respectively. The black crosses 
point to the radio counterpart of the 7-ray blazar candidates selected according to our 
association procedure. They are a clear examples of core dominated radio sources similar 
to blazars in the radio band also at 1.4 GHz. Contour levels are labeled together with the 
NVSS peak flux in Jy/beam. 
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272 5.2. Infrared counterparts 

273 In the UGS sample of sources without 7-ray analysis flags, there are 43 WISE candidates 

274 with counterparts in the 2MASS catalog: 10 out of 75 are variable infrared sources according 

275 to the same criterion previously described. 

276 The large majority (47 out of 71) of the UGSs, in the sample with 7-ray analysis flags, 

277 have counterparts in the 2MASS catalog and 15 out of 71 are variable according to the 

278 WISE all-sky catalog. 

279 Of the 125 VF/S'i? candidates co unterparts of the AGUs, 59 are detected in 2MASS, as 



280 generally expected for blazars (e.g.. IChen et al. 20051 ). In addition, 25 7-ray blazar candi 



281 dates out of 125 have the variability flag in the WISE catalog with a value higher than 5 in 

282 at least one band, suggesting that their IR emission is not likely arising from dust. 



283 5.3. Optical counterparts 

284 In the sample of UGSs without 7-ray analysis flags, 13 sources have been found with a 

285 counterpart in the SDSS, 4 with spectroscopic information (Table[3]). Among these 4 sources, 

286 two are broad line quasars, promising to be blazar-like sources of BZQ type. One is a Seyfert 

287 galaxy: SDSS J015910. 05+010514. 5 is a contaminant of our association procedure (although 

288 our method suggests a better candidate, for 2FGLJ0158.4-(-0107). The remaining one, NVSS 

289 J161543+471126 shows th e optical spectrum sim ilar to that of an X-ray Bright, Optically 



290 Normal Galaxy fXBONG IComastri et al. 20021 ). The source SDSS J015836.23+010632.0 



291 another candidate counterpart of 2FGLJ0158. 4-1-0107 is described as a quasar at redshift 

292 0.723 in Schneider et al. (2007) and Hu et al. (2008). In addition to these 4 sources, spec- 

293 troscopic information is also available for WISE J230010. 16-360159.9 a possible low-energy 

294 counterpart of 2FGLJ2300. 0-3553, classifled as quasar according to Jones et al. (2009). A 

295 quasar-like spectrum is then available for SDSS J161434. 67+470420.0 candidate counterpart 

296 of 2FGLJ1614.8+4703. 

297 The search for the optical counterparts for UGSs with 7-ray analysis flags was less suc- 

298 cessful. Only one source has an optical, counterpart: WISE J131552. 98-073301. 9, associated 

299 with 2FGLJ1315. 6-0730. This source has a counterpart in both the NVSS and in the FIRST 

300 radio survey. According to Bauer et al. (2009), this source is also variable in the optical 

301 and it was therefore selected as a blazar candidate. In Figure [3] we show the archival SDSS 

302 spectrum of the WISE J161434. 67+470420.1 candidate as the low energy counterpart of 

303 2FGLJ1614.8+4703. 
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304 We found only 1 7-ray blazar candidate in the AGU sample with a counterpart in the 

305 SDSS, while 4 of them have a 6dFGS source lying 3". 3 from their WISE position. In the 

306 case of WISE J033200.72-111456.1 associated with 2FGLJ0332.5-1118, we also found that 

307 i ts 6dFGS optical spectrum appear to be featureless suggesting a BL Lac classification 

308 J Jones et al. 2009h . The same information has been found for WISE J001920.58-815251.3 

309 associated with 2FGLJ0018.8-81 54, for which the n oisy, featureless 6dFGS optical spectrum 

310 points to a BL Lac classification J Jones et al. 2009h . 2FGLJ0823.0+4041 and 2FGLJ0858.1- 

311 1952 appear to be associated, both by the 2FGL catalog and our method to broad line 

312 quasars. WISE J085805.36-195036.8 associated with 2FGLJ0858. 1-1952 is also classified as 

313 a quasar at redshift 0.6597 by White et al. (1988). The archival 6dFGS spectrum of WISE 

314 J001920.58-815251.3 the candidate low energy counterpart of 2FGLJ0018.8-8154 is available 

315 on NED; the absence of features allows us to classify the source as a BZB. 



316 5.4. X-ray counterparts 

317 In the UGS sample without 7-ray analysis flags, only 3 objects have X-ray counterparts 

318 in the ROSAT all-sky catalog: the Seyfert 1 galaxy SDSS J015910.05+010514.5, the quasar 

319 SDSS J161434.67+470420.0 (both described in SectionEJD and WISE J164619.95+435631.0 

320 associated with 2FGLJ1647.0+4351. In addition, SDSS J161434.67+470420.0 is also de- 

321 tected in the Chandra source ca talog: CXO J16143 4.7+470419 as occurs NVSS J161543+471126, 



322 alias CXO J161541.2+471111 flEvans et al. 2010h . 



323 In the UGS list of sources with 7-ray analysis flags, there is only a single object detected 




Fig. 3. — The archival SDSS spectroscopic observation of the 7-ray blazars candidate WISE 
J161434.67+470420.1 associated with the Ferrm source 2FGLJ1614.8+4703. This optical 
spectrum indicates toward a BZQ classification of WISE J161434. 67+470420.1. 
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325 
326 
327 
328 

329 
330 
331 
332 
333 



in the ROSAT all-sky survey, namely WISE J043947. 48+260140. 5 uniquely associated with 
the Fermi source 2FGLJ0440.5+2554c and with a X-ray counterpart also in the Chandra 
source catalog CXO J043947.5+260140 JSvans et al. 201oh . In addition, WISE J060659.94- 
061641.5 the uniq ue counterpart of 2 FGLJ0607.5-0618c, has the Chandra counterpart CXO 
J060700. 1-061641 jEvans et al. 201oh . 



Finally, in the AGU sample of 38 new 7-ray blazar candidates we found only 1 source in 
the ROSAT catalog, namely WISE J181037.99+533501.5, associated with the X-ray object 
IRXS J181038. 5+533458 and having a radio counterpart in the NVSS. According to NED, 
WISE J182352.33+431452.5, associated with 2FGLJ1823.8+4312, is also detected in the 
X-rays by Chandra: CXO J182352.2+431452 jMassaro et al. 2012dh . 



334 6. Comparison with other methods 

335 Among the whole sample of 590 UGSs analyzed, 299 without and 291 with 7-ray analysis 

336 flag there are 28 sources having at least one 7-ra y blazar candidate that were also unidentified 

337 in the First Fermi 7-ray LAT catalog (IFGL; lAbdo et al. 20101 ) and they were analyzed 

338 using two dif ferent statistical approac hes: the Classification Tree and the Logistic regression 

339 analyses (see lAckermann et al. 20121 . and references therein). For these 28 UGSs, analyzed 

340 on the basis of the above statistical approaches, we performed a comparison with our results 

341 to verify if the 2FGL sources that we associated with a 7-ray blazar candidates have been 

342 also classified as AGNs. 

343 By comparing the results of our association method with those in Ackermann et al. 

344 (2012), we found that 23 out of 28 UGSs that we associate with 7-ray blazar candidates are 

345 classified as AGNs, all of them wi th a probability higher than 66% and 12 of them higher than 

346 80% (see lAckermann et al. 20121 ). Among the remaining 5 sources, 4 have been classified as 



347 pulsars, with a very low probability with respect to the whole sample, systematically lower 

348 than 56%. In addition, there is one with an ambiguous classification. Consequently, we 

349 emphasize that for the subamples where we overlap our results are in good agreement with 

350 the classification suggested by Ackermann et al. (2012), consistent with the 7-ray blazar 

351 nature of the WISE candidates proposed in our analysis. 



7. Summary and conclusions 



353 A new association method has been recently developed on the basis of the striking 

354 discovery that 7-ray emitting blazars occupy a distinct region in the WISE 3-dimensional 
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Table 3: Unidentified Gamma-ray Sources without 7-ray analysis fiags. 



2FGL 


WISE 


other 


41 \A fii 


[4.6]-[12] 


[12]-122] 


type 


class 


notes 




iid,m.6 


name 




mag 


mag 


mag 










J0039.1+4331 


J003868. 27+432947.0 




0.98(0.04) 


2.36(0 


05) 


2.30 


0.15) 


BZB 


C 


M 


? 


J0116.6-6153 


J011619. 69-615343. 5 


SUMSS J011619-616343 


0.85(0.04) 


2.34(0 


06) 


1.85 


0.25) 


BZB 


C 


S 




J0133.4-4408 


J013321. 36-441319.4 




1.12(0.05) 


3.20(0 


06) 


2.62 


0.15) 


BZQ 


C 








J013306.35-441421.3 


SUMSS J013306-441422 


0.83(0.03) 


2.26(0 


06) 


1.92 


0.22) 


BZB 


C 


S 




J0143.6-5844 


J014347.39-584551.3 


SUMSS J014347-684660 


0.68(0.03) 


1.93(0 


06) 


1.89 


0.29) 


BZB 


C 


S,M 




J0158. 4+0107 


J015836. 25+010632.1 


SDSS J015836.23+010632.0 


1.05(0.03) 


2.50(0 


05) 


2.33 


0.11) 


UND 


c 


M,s,QSO 


0.723? 




J015757.45+011547.8 




1.06(0.04) 


2.52(0 


06) 


2.18 


0.18) 


UND 


C 








J016910.06+010514.7 


SDSS J015910.05+010514.5 


0.91(0.03) 


2.47(0 


03) 


2.48 


0.05) 


UND 


c 


M,s,X,Syl 


0.217 


J0158.6+8668 


J016660.16+854745.1 




1.12(0.04) 


2.50(0 


06) 


2.23 


0.18) 


UND 


c 








J014936.30+860115.3 




0.68(0.03) 


2.32(0 


06) 


2.00 


0.17) 


BZB 


c 


M 




J0227. 7+2249 


J022744. 35+224834.3 


NVSS J022744+224834 


0.93(0.03) 


2.68(0 


03) 


2.09 


0.08) 


BZB 


B 


N,M,v 




J0316. 1-6434 


J031614. 31-643731. 4 


SUMSS .1031614-643732 


0.74(0.03) 


2.09(0 


06) 


1.84 


0.26) 


BZB 


c 


S,M 




J0332. 1+6309 


J033153. 90+630814.1 


NVSS J033153+630814 


0.77(0.03) 


2.38(0 


04) 


1.96 


0.11) 


BZB 


B 


N,M 




J0409. 8-0357 


J040946. 57-040003. 4 


NVSS J040946-040003 


0.88(0.03) 


2.36(0 


04) 


1.94 


0.12) 


BZB 


B 


N,M 




J0414.9-0866 


J041467.01-085652.0 


APMUKS 041232.66-090420.3 


1.00(0.04) 


2.63(0 


08) 


2.31 


0.23) 


UND 


C 






J0416.0-4366 


J041606. 81-435514.6 


SUMSS J041605-436616 


1.11(0.03) 


2.89(0 


04) 


2.44 


0.08) 


BZQ 


B 


S,M 




J0431. 5+3622 


J043103. 34+362158. 7 




1.14(0.06) 


2.72(0 


11) 


2.44 


0.26) 


BZQ 


C 






J0555. 9-4348 


J055531. 69-435030. 7 




1.36(0.05) 


3.14(0 


06) 


2.39 


0.18) 


BZQ 


C 








J055618. 74-435146.1 


SUMSS J055618-436146 


0.90(0.03) 


2.49(0 


04) 


2.14 


0.13) 


BZB 


B 


S,M 




.T0602. 7-4011 


,7060237.10-401453.2 




0.96(0.03) 


2.47(0 


03) 


2.35 


0.06) 


UND 


B 


M 




J0644. 6+6034 


J064459. 38+603131. 7 




0.97(0.04) 


2.59(0 


06) 


2.50 


0.15) 


UND 


C 


M 




J0713.5-0962 


J071223.28-094536.3 




1.16(0.04) 


3.12(0 


05) 


2.27 


0.08) 


BZQ 


C 


M 




J0723. 9+2901 


J072354. 83+285929. 9 


NVSS J072354+285930 


1.14(0.05) 


2.89(0 


05) 


2.40 


0.11) 


BZQ 


C 


N,F 




J0744. 1-2523 


J074401. 10-252205. 9 




1.09(0.04) 


2.57(0 


03) 


2.69 


0.05) 


BZQ 


C 








J074402. 19-252146.0 




1.00(0.03) 


2.00(0 


03) 


2.16 


0.03) 


BZB 


B 


M 




.10746.0-0222 


,1074627.03-022,549.3 


NVSS J074627-022549 


0.67(0.04) 


2.09(0 


07) 


1.99 


0.30) 


BZB 


C 


N,M 




.T0756. 3-6433 


.7075624.60-643030.6 




0.87(0.03) 


2.21(0 


06) 


2.11 


0.18) 


BZB 


c 


M,v 




J0807.0-6511 


J080729. 66-650910. 3 




1.12(0.05) 


3.08(0 


07) 


2.46 


0.17) 


BZQ 


c 






J0838.8-2828 


J083842. 77-282830.9 




1.03(0.05) 


2.73(0 


09) 


2.24 


0.27) 


UND 


c 






J0841. 3-3556 


J084121. 63-355505. 9 


NVSS J084121-355506 


0.79(0.03) 


2.23(0 


03) 


1.77 


0.11) 


BZB 


B 


N,M 




.T0844. 9+6214 


J084406. 81+621458. 6 


SDSS J084406.83+621458.5 


0.68(0.03) 


2.07(0 


05) 


2.23 


0.14) 


BZB 


c 


M,s 




,T08,S,S. 4-462,'') 


7085548.43-462244.3 




1.19(0.03) 


2.32(0 


03) 


2.16 


0.04) 


UND 


c 






.T0858. 3-4333 


7085839.22-432642.7 




0.74(0.03) 


1.82(0 


03) 


2.29 


0.04) 


BZB 


c 


M 




.T0900. 9+6736 


7090121.65 + 673955.8 




0.94(0.05) 


2.84(0 


08) 


2.16 


0.26) 


UND 


c 


M 




J0955. 0-3949 


J095458. 30-394655.0 




0.77(0.04) 


2.28(0 


05) 


2.03 


0.18) 


BZB 


c 


M 




J1013.6+3434 


J101266.64+343648.8 


SDSS J101256.54+343648.7 


0.89(0.04) 


2.62(0 


07) 


2.09 


0.26) 


BZB 


c 


M,s 




J1016. 1+5600 


J101544. 44+555100. 7 


NVSS J101544+555100 


1.05(0.06) 


3.08(0 


09) 


2.57 


0.25) 


BZQ 


c 


N,F,s 




.T1029. ,5-2022 


7102946.66-201812.6 




1.26(0.06) 


2.88(0 


10) 


2.59 


0.26) 


BZQ 


c 


M 




.J1032. 9-8401 


7103015.3,5-840308.7 


SUMSS J103014-840307 


0.96(0.04) 


2.59(0 


05) 


2.07 


0.15) 


BZB 


c 


S,v 




J1038. 2-2423 


J103754. 92- 242,544. 5 




1.22(0.04) 


3.26(0 


04) 


2.58 


0.10) 


BZQ 


c 


M 




J1207.3-5055 


J120750. 50-510314. 9 




1.05(0.05) 


2.97(0 


08) 


2.55 


0.19) 


BZQ 


c 








J120746.43-505948.6 




1.14(0.05) 


2.87(0 


07) 


2.53 


0.15) 


BZQ 


c 






J1254.2-2203 


J126422. 47-220413.6 


NVSS J125422-220413 


0.66(0.04) 


2.31(0 


08) 


1.77 


0.36) 


BZB 


c 


N,M,v 




J1259. 8-3749 


J125949. 80-374858.1 


NVSS J125949-374856 


0.70(0.04) 


2.10(0 


08) 


1.99 


0.33) 


BZB 


c 


N,S,M,v 




.11340. .5-0412 


.7134042.02-041006.8 


NVSS J134042-041006 


0.71(0.04) 


2.11(0 


08) 


1.85 


0.41) 


BZB 


c 


N,v 




.J1346. 0-2605 


.7134621.08-255642.3 




1.14(0.06) 


2.94(0 


10) 


2.58 


0.26) 


BZQ 


c 






.11347.0-2956 


.7134706.89-295842.3 


NVSS J134706-295840 


0.78(0.03) 


2.10(0 


06) 


1.91 


0.23) 


BZB 


c 


N.S.M.v 




.11404.0-5244 


.7140313.11-524839.5 




1.22(0.05) 


2.97(0 


07) 


2.63 


0.15) 


BZQ 


c 






J1517.2+3645 


J151649. 26+365022. 9 


NVSS J151649+365023 


0.95(0.03) 


2.63(0 


04) 


2.07 


0.12) 


BZB 


c 


N,F,s,v 




J1612. 0+1403 


J161118. 10+140328. 9 


SDSS J161118.10+140328.7 


1.06(0.06) 


3.16(0 


09) 


2.55 


0.22) 


BZQ 


c 


s 




J1614.8+4703 


J161450. 96+465953. 7 


SDSS J161450.91+465953.6 


1.20(0.04) 


2.78(0 


06) 


2.54 


0.16) 


BZQ 


c 


s 






J161513. 04+471355. 2 


SDSS J161513. 04+471355. 4 


1.17(0.05) 


2.86(0 


10) 


2.61 


0.24) 


BZQ 


c 


s 






J161434. 67+470420.1 


SDSS J161434. 67+470420.0 


1.08(0.03) 


3.12(0 


03) 


2.19 


0.04) 


BZQ 


c 


F,M,s,X,x,QSO 


1.86 




.7161541.22+471111.8 


NVSS J161543+471126 


0.74(0.03) 


2.28(0 


04) 


2.28 


0.09) 


BZB 


c 


N,F,M,s,x,XB? 


0.199 


.T1622. 8-0314 


7162225.3,5-031439.6 




1.10(0.06) 


3.19(0 


09) 


2.67 


0.18) 


BZQ 


c 




? 


J1627.8+3219 


J162800. 40+322414.0 


SDSS J162800. 39+322413. 9 


1.13(0.05) 


2.83(0 


10) 


2.62 


0.24) 


BZQ 


c 


s 




J1647.0+4351 


J164619. 95+435631.0 


NVSS J164619+435631 


0.77(0.04) 


2.09(0 


09) 


2.11 


0.39) 


BZB 


c 


N,F,s,X 




J1730.6-0363 


J173062. 86-035247.1 




1.16(0.04) 


2.92(0 


04) 


2.28 


0.07) 


BZQ 


B 


M 




T1 749 5-3393 


J 17420 1.1 1-332607. 9 




0.64(0.0,5) 


1.73(0 


03) 


1.60 


0.03) 


BZB 




M 




J1745. 6+0203 


J174507. 82+015442. 5 




1 . 26 (0. 0,"i) 


3.40(0 


03) 


2.45 


0.03) 


BZQ 




m*^ 






J174526.95+020532.7 




n Q/i I <\ nTi 
u.y4n_u.uo J 


2.57(0 


03) 


2.27 


0.07) 










J1759. 2-3853 


J175903. 29-384739. 5 




0.58(0.04) 


1.93(0 


03) 


1.50 


0.02) 


BZB 




M 




J1842. 3+2740 


J184201. 25+274239. 2 




1.22(0.06) 


3.03(0 


08) 


2.43 


0.22) 


BZQ 


c 






J1904.8-0706 


J190444.67-070740.1 




0.91(0.05) 


2.79(0 


09) 


2.45 


0.19) 


UND 


c 


M 




J1924.9-1036 


J192601. 63-104316. 3 




1.24(0.05) 


3.26(0 


06) 


2.66 


0.09) 


BZQ 


c 


M 




.J2004.6+7004 


J200503. 41+700236. 3 




1.17(0.05) 


2.95(0 


07) 


2.21 


0.24) 


BZQ 


c 








J200506. 02+700439. 3 


NVSS J200506+ 700440 


0.70(0.03) 


2.11(0 


05) 


2.11 


0.18) 


BZB 


c 


N,v 




J2021. 5+0632 


J202154. 66+062908. 7 




0.96(0.04) 


2.67(0 


06) 


2.47 


0.10) 


UND 


c 


M 






J202166.46+062913.7 


NVSS J202155+062914 


0.80(0.03) 


2.09(0 


05) 


1.78 


0.17) 


BZB 


c 


N,M 




J2114. 1+5440 


J211608.92+544815.7 




1.11(0.03) 


2.50(0 


03) 


2.52 


0.04) 


BZQ 


B 


M 




J2133.9+6645 


J213349.21+664704.3 


NVSS J213349+664706 


0.67(0.04) 


2.12(0 


06) 


1.86 


0.22) 


BZB 


c 


N,v 




J2134.6-2130 


J213430. 18-213032.6 


NVSS J213430-213032 


0.77(0.04) 


2.26(0 


08) 


1.78 


0.42) 


BZB 


c 


N,M 




.12300.0-3553 


.7230010.16-360159.9 


6dF J2300101-360200 


1.17(0.06) 


3.36(0 


08) 


2.43 


0.22) 


BZQ 


c 


M,6,QSO 


2.357 


.T2319. 3-3830 


7232000.11-383511.4 


MRSS 347-103293 


1.12(0.05) 


3.06(0 


07) 


2.60 


0.16) 


BZQ 


c; 






J2358. 4-1811 


J235828. 61-181526. 6 




1.09(0.04) 


2.60(0 


06) 


2.46 


0.15) 


UND 


c 


M 




CoL (1) 2FGL name. 






















Col. (2) WISE name. 






















CoL (3) Other name if present in literature and in the following order: ROMA-BZCAT, NVSS, SDSS 


, AT20G, NED. 










Cols. (4,5,6) Infrared colors from the WISE all sky catalog corrected for Galactic extinciton. Values i 


n parentheses are la uncertainties. 




Col. (7) Type of candidate according to our method: BZB - BZQ - UND (undetermined). 


















Col. (8) Class of candidate according to our method. 




















Col. (9) Notes: 


N = NVSS, F = FIRST, S 


= SUMSS, A=AT20G, M = 2MASS, s = SDSS dr9, 6 = 


6dFGS, 


X = XMM-Newton or Chandra, X = 




ROSAT; QSO = 


quasar, Sy = Seyfert, LNR = LINER, BL = BL Lac, XB 


= X-ray Bright Optically Inactive Galaxies; v = 


variability in WISE 





-17- 



Table 4: Unidentified Gamma-ray Sources with 7-ray analysis fiags. 



2FGL 


WISE 




[3.4]-[4.6] 


[4.6 


-[12] 


[12]-[22] 


type 








iidiiii€ 






mag 




ma 




mag 










J0233.9+6238C 


J023418.09+624207.8 




0.80(0 


03) 


2 


02 





04) 


2.31(0 


06) 


BZB 


C 


M 


7 




J023238.07+623661.9 




1.25(0 


05) 


3 


05 





06) 


2.46(0 


11) 


BZQ 


c 




7 


J0341.8+3148C 


J034204.3B+314711.4 




0.48(0 


03) 


1 


70 





03) 


1.78(0 


08) 


BZB 


B 


M 


7 




J034141. 11+314804.5 




0.93(0 


03) 


2 


47 





06) 


2.20(0 


13) 


UND 


C 


M,v 


7 




.7034158.52+314855. 7 




0.64(0 


04) 


1 


37 





03) 


1.50(0 


02) 


BZB 


c 


M 


7 


.70423.4+5612 


.7042430.44+561525. 8 




1.19(0 


06) 


2 


98 





13) 


2.47(0 


26) 


BZQ 


c 




? 


J0440.5+2554C 


J043947.48+260140.5 


CXO J043947. 5+260140 


0.47(0 


03) 


1 


47 





03) 


1.90(0 


04) 


BZB 


A 


M,X,x 


7 


J0543.2-0120C 


J0B4324.78-011646.6 




0.69(0 


03) 


1 


64 





04) 


1.86(0 


11) 


BZB 


B 


M 


7 


J0547.B-0141C 


J0B47B8. 25-013616.6 




1.06(0 


04) 


2 


60 





06) 


2.20(0 


19) 


UND 


C 




7 


J0607.B-0618C 


J0606B9.94-061641.5 


CXO J060700. 1-061641 


1.17(0 


04) 


2 


45 





07) 


2.33(0 


18) 


? 


C 


X 


? 


J0616. 6+2426 


J061549. 51+241654.0 




1.12(0 


06) 


2 


94 





09) 


2.44(0 


23) 


BZQ 


C 




7 




.7061641.04+241138.4 




0.87(0 


03) 


1 


76 





07) 


1.88(0 


23) 


BZB 


c 


M 


7 


.10620.8-2556 


,7062108.68-255757.9 


NVSS J062108-266767 


0.95(0 


05) 


2 


75 





08) 


2.26(0 


26) 


7 


c 


N 


7 


J0631. 7+0428 


J063104.12+042012.6 




1.08(0 


03) 


2 


44 





03) 


2.56(0 


03) 


BZQ 


A 


M 


7 


J0634.3+0356C 


J0634B9.32+040808.6 




1.13(0 


03) 


2 


11 





03) 


2.73(0 


04) 


BZQ 


c 


M,v 


7 




J063B19.84+036047.1 




1.36(0 


04) 


2 


73 





05) 


2.36(0 


08) 


BZQ 


c 


M 


7 


J0637.0+0416C 


J06370B.96+042637.2 




0.82(0 


03) 


2 


17 





04) 


2.11(0 


06) 


BZB 


B 


M 


7 




J063701. 93+042037.2 




0.86(0 


03) 


2 


17 





03) 


2.17(0 


03) 


BZB 


A 


M,v 


7 




.7063703.09+042146.1 




0.60(0 


03) 


1 


99 





07) 


2.06(0 


12) 


BZB 


C 


M,v 


7 




.7063647.19+042058.7 




0.52(0 


03) 


1 


79 





05) 


1.93(0 


18) 


BZB 


C 


M 


7 


J0708.5-1020C 


J070807.98-102743.9 




0.55(0 


03) 


1 


55 





05) 


1.97(0 


11) 


BZB 


C 


M 


7 




J070809.69-102806.8 




1.35(0 


03) 


2 


91 





03) 


2.50(0 


04) 


BZQ 


B 




7 




J070806. 04-102736.2 




0.62(0 


03) 


1 


87 





03) 


2.07(0 


05) 


BZB 


B 


M 


7 




J070813. 96-102840.2 




0.89(0 


03) 


1 


73 





05) 


2.21(0 


09) 


BZB 


C 




7 




J070826. 05-103001. 2 




1.18(0 


04) 


2 


88 





04) 


2.48(0 


05) 


BZQ 


B 


M,v 


7 




.7070816.06-102832.0 




0.72(0 


03) 


1 


51 





06) 


1.95(0 


18) 


BZB 


C 


M 


7 


.T0742. 7-3113 


,7074303.55-312057.3 




1.04(0 


05) 


2 


57 





10) 


2.22(0 


34) 


UND 


C 




7 


J0748. 5-2204 


J074835. 46-215740.0 




1.32(0 


05) 


2 


80 





07) 


2.68(0 


14) 


BZQ 


C 




7 


J0900.B-4441C 


J090039.83-443610.0 


2MASX J09a03978-4435094 


1.08(0 


03) 


1 


48 





03) 


2.32(0 


02) 


BZB 


C 


M,v 


7 


J0914. 1-4756 


J091319. 84-476730.8 




1.08(0 


03) 


1 


71 





03) 


2.20(0 


03) 


BZB 


A 




7 


.T0922.2-5214C 


,70921,54.24-521236.1 




1.19(0 


03) 


2 


43 





03) 


2.52(0 


02) 


BZQ 


A 


M 


7 


,T1027.4-5730c 


,7102703.87-572830.7 




1.14(0 


04) 


2 


81 





05) 


2.59(0 


06) 


BZQ 


B 


M,v 


7 


.J1059. 9-2051 


,7110025.72-205333.4 


2IVIASX J11002568-2053333 


0.89(0 


03) 


2 


46 





05) 


1.99(0 


14) 


BZB 


B 


M 


7 


.11208.6-2257 


,7120816.33-224921.9 




0.98(0 


04) 


2 


25 





05) 


2.00(0 


18) 


BZB 


C 


M 


7 


J1248. 6-5510 


J124946. 07-550758.6 




0.95(0 


04) 


2 


71 





05) 


2.52(0 


12) 


UND 


C 




7 


J1255. 8-5828 


J12B4B9.44-682009.6 




1.20(0 


03) 


2 


61 





04) 


2.26(0 


06) 


UND 


C 


M 


7 




J125357.07-683322.3 




0.62(0 


04) 


2 


04 





03) 


1.56(0 


02) 


BZB 


A 


M,v 


7 


.T1315. 6-0730 


,7131,543.62-073659.0 




0.93(0 


04) 


2 


39 





06) 


2.15(0 


21) 


BZB 


C 


M 


7 




.7131552.98-073301.9 


NVSS J131B52-073301 


0.87(0 


03) 


2 


27 





04) 


2.04(0 


08) 


BZB 


B 


N,F,M,6,v,BL? 


7 


.T1324.4-5411 


,7132415.49-541104.4 




1.33(0 


05) 


2 


88 





07) 


2.46(0 


18) 


BZQ 


C 




7 


.T1345. 8-3356 


,7134,543.0,5-335643.3 


NVSS J134B43-336643 


0.82(0 


04) 


2 


31 





06) 


2.09(0 


20) 


BZB 


C 


N,M 


7 


J1407.4-2948 


J140818. 86-294203.2 




1.10(0 


06) 


2 


82 





12) 


2.70(0 


28) 


BZQ 


C 




7 


J1512.B-6247C 


J1B11B6. 72-626231.1 




1.20(0 


10) 


2 


68 





09) 


2.68(0 


18) 


BZQ 


C 




7 


J1624.2-2124 


J162343. 89-210707.0 




1.34(0 


05) 


2 


86 





08) 


2.74(0 


16) 


BZQ 


C 




7 


.11632. 6-2328C 


,7163306.53-233207.3 




1.07(0 


03) 


2 


71 





04) 


2.43(0 


09) 


UND 


C 


M 


? 


.T1639.8-4921C 


,7163907.38-492605.6 




0.64(0 


05) 


1 


66 





03) 


1.64(0 


03) 


BZB 


B 


M,v 


7 


.T1716.6-0526C 


,7171717.66-052520.1 




1.25(0 


04) 


2 


95 





04) 


2.37(0 


06) 


BZQ 


B 


M 


7 


.T1747.2-3507 


,7174741.23-350334.3 




0.58(0 


05) 


1 


80 





03) 


1.41(0 


02) 


BZB 


B 


M 


7 


J1749.7-3134C 


J174943. 85-314054.7 




0.92(0 


03) 


1 


15 





03) 


1.74(0 


02) 


BZB 


C 


M,v 


7 




J174949.84-313046.6 




1.10(0 


03) 


1 


95 





03) 


2.30(0 


02) 


? 


A 


M 


7 


J1754.1-2930 


J175414.40-293326.6 




0.68(0 


06) 


1 


81 





04) 


1.48(0 


06) 


BZB 


C 


M 


7 


J1829.8-0204C 


J182927.72-020531.5 




0.55(0 


03) 


1 


52 





03) 


1.94(0 


04) 


BZB 


B 


M 


7 




J182958. 23-015805.1 




0.71 (0 


031 


1 


24 


Q 


03) 


1.77(0 


04) 


BZB 


A 


M 


7 




.7183009.32-020723.2 




0.75(0 


03) 




48 







1.84(0 


06) 


BZB 


B 


M,v 


7 


J1835. 4+1036 


J183551.92+10305{).8 




0.94(0 


03) 


2 


82 





04) 


2.56(0 


06) 


UND 


c 


M 


? 


J1835. 4+1349 


J183522. 00+135733. 9 




1.12(0 


04) 


2 


61 





05) 


2.20(0 


14) 


UND 


C 


M 


? 




J183B3B. 34+134848.8 




0.65(0 


04) 


2 


14 





05) 


2.10(0 


16) 


BZB 


c 


M 


7 


J1837.9+3821 


J183828. 80+382704.3 




1.04(0 


05) 


2 


64 





09) 


2.62(0 


24) 


UND 


c 




? 




J183656. 31+382232. 8 




1.15(0 


04) 


2 


97 





04) 


2.53(0 


08) 


BZQ 


B 




7 




.7183837.16+381900.5 




0.90(0 


04) 


2 


14 





08) 


1.84(0 


34) 


BZB 


c 




7 


J1844.3+1548 


J184425. 36+154645. 9 


NVSS J184425+154646 


0.80(0 


03) 


2 


30 





04) 


2.06(0 


08) 


BZB 


B 


N,M 


7 


J1844.9-1116 


J184456. 29-111352.1 




0.67(0 


06) 


1 


63 





03) 


1.50(0 


02) 


BZB 


B 


M 


7 


J1857.6+0211 


J185727.36+021216.4 




0.77(0 


07) 


2 


26 





07) 


1.81(0 


02) 


BZB 


B 


M,v 


7 


J1944.3+7325 


J194343.83+731738.7 




1.30(0 


04) 


2 


84 





06) 


2.36(0 


16) 


BZQ 


C 




7 


J1958. 6+4020 


J195842. 28+401126. 8 




1.11(0 


05) 


2 


82 





06) 


2.41(0 


14) 


BZQ 


C 




7 


.12042. 0+4252C 


J204241. 58+424150. 3 




1.28(0 


05) 


2 


38 





07) 


2.63(0 


07) 


BZQ 


C 


M,v 


7 


.12124.0-1513 


,7212423.63-152558.2 




1.14(0 


06) 


3 


15 





11) 


2.56(0 


26) 


BZQ 


C 




7 


J2128. 7+5824 


J212810. 83+683336.6 




1.21(0 


04) 


2 


82 





06) 


2.22(0 


17) 


BZQ 


C 




7 




J212820. 65+682063.4 




0.54(0 


03) 


1 


86 





03) 


1.78(0 


10) 


BZB 


B 


M,v 


7 




J212900. 37+683128.0 




1.04(0 


04) 


2 


37 





13) 


2.43(0 


29) 


UND 


C 




7 


J2201. 2+5926 


J215953. 42+691227.1 




0.94(0 


04) 


2 


13 





06) 


2.17(0 


10) 


BZB 


B 


M 


7 



Col. (1) 2FGL name. 
Col. (2) WISE name. 

Col. (3) Other name if present in literature and in the following order: ROMA-BZCAT, NVSS, SDSS, AT20G, NED. 

Cols. (4,5,6) Infrared colors from the WISE all sky catalog corrected for Galactic extinciton. Values in parentheses are la" uncertainties. 
Col. (7) Type of candidate according to our method: BZB - BZQ - UND (undetermined). 
Col. (8) Class of candidate according to our method. 

Col. (9) Notes: N = NVSS, F = FIRST, S = SUMSS, A=AT20G, M = 2MASS, s = SDSS dr9, 6 = 6dFGS, x = XMM-Newton or Chandra, X = 
ROSAT; QSO = quasar. By = Seyfert, LNR = LINER, BL = BL Lac; v = variability in WISE (varjlag > 5 in at least one band). 
Col. (10) Redshift: (?) = unknown, (number?) = uncertain. 
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Table 5: Active Galaxies of Uncertain type (OOh - 12h). 



2FGL 




WISE 




other 


[3.4]-[4.6] 


[4.6 


-[12] 


[12]-[22] 


type 


class 


notes 


z 


rcassoc. 


name 




name 




name 




mag 




mag 




mag 










flag 


.10009 


1+5030 


J000922 


76+503028.8 


NVSS.J000922+503028 





72 





03) 


2 


19 





05) 


1 


95 





21) 


BZB 


C 


M,v 


7 


yes 


J0018 


8-8154 


J001920 


58-815251.3 


SUMSSJ001921-815251 





87 





03) 


2 


30 





03) 


1 


98 





07) 


BZB 


B 


]V[,BL 




yes 


J0022 


2-1853 


J002209 


26-185334.7 


NVSSJ002209-186332 





87 





03) 


2 


27 





04) 


1 


83 





12) 


BZB 


B 


M 




yes 


J0022 


3-5141 


J002200 


08-514024.2 


SUMSSJ002159-514026 





81 





03) 


2 


23 





04) 


1 


87 





14) 


BZB 


B 


M,v 




yes 


J0045 


5-1-1218 


J004543 


33+121712.0 


NVSS.T004543+121710 





80 





03) 


2 


23 





05) 


2 


03 





14) 


BZB 


B 


M 




yes 


J0051 


4-6241 


J005116 


62-624204.3 


SUMSS70051 16-624205 





69 





04) 


2 


20 





06) 


1 


75 





32) 


BZB 


C 


M 




yes 


J0059 


7-5700 


,7005846 


56-565911.4 


SUMSS7005846-565912 


1 


03 





03) 


2 


92 





04) 


2 


64 





07) 


Bzq 


B 


M 




yes 


.10110 


3-F6S05 


,7011012 


84+680,541.1 


BZU.JOllO+6805 





67 





03) 


2 


12 





03) 


2 


02 





04) 


BZB 


A 


M 




yes 


J0134 


4-H2636 


J013428 


19+263843.0 


NVSSJ013427+263842 





80 





04) 


2 


00 





08) 


1 


93 





33) 


BZB 


C 


M,v 




yes 


J0156 


4-H3909 


J016631 


40+391430.9 


NVSSJ015631+391431 


1 


13 





04) 


2 


76 





06) 


2 


47 





11) 


BZQ 


c 


m,v 




yes 


J0156 


5-2419 


JO 15606 


46-241754.3 




1 


21 





06) 


2 


93 





11) 


2 


63 





26) 


BZQ 


c 






no 


.T0207 


9-6832 


,7020750 


91-683755.1 


SUMSSJ020760-683755 


1 


03 





04) 


2 


70 





05) 


2 


28 





12) 


UND 


c 






yes 


.T0210 


7-5102 


7021046 


19-510101.8 


BZUJ0210-6101 


1 


13 





03) 


2 


97 





03) 


2 


39 





04) 


BZQ 


A 


M 


1.003 


yes 


.J0238 


2-3905 


,7023749 


42-390050.3 







92 





03) 


2 


40 





04) 


2 


36 





08) 


BZB 


C 


M,6 


0.323? 


no 






,7023800 


62-390504.6 


NVSS.J023800-390504 





68 





04) 


2 


18 





07) 


1 


91 





27) 


BZB 


C 


M 


? 


yes 


J0248 


6-H8440 


J024948 


30+843556.9 


NVSSJ024948+843556 





92 





03) 


2 


63 





04) 


2 


13 





09) 


BZB 


C 


M 




yes 


J0253 


4-H3218 


J026333 


64+321720.8 


NVSSJ025333+321721 


1 


12 





04) 


2 


87 





06) 


2 


46 





16) 


BZQ 


c 


M 




yes 


J0309 


3-0743 


J030943 


23-074427.4 


NVSSJ030943-074427 





70 





03) 


2 


16 





06) 


2 


01 





21) 


BZB 


c 


M,v 




yes 


.T0332 


5-1118 


J033200 


72-111456.1 


6dFJ0332006-111456 


1 


30 





03) 


3 


05 





03) 


2 


63 





04) 


BZQ 


A 


]V[,6,BL 




no 






,7033223 


2,5-111950.6 


NVSSJ033223-111951 





96 





03) 


2 


58 





03) 


2 


23 





05) 


UND 


C 


M,v 




yes 


.T0333 


7+2918 


,7033349 


00+291631.6 


NVSSJ033349+291631 





77 





03) 


2 


02 





05) 


2 


18 





13) 


BZB 


C 


M 




yes 


.T0334 


3+6538 


J033356 


74+653656.0 


NVSSJ033356+663666 





75 





03) 


2 


07 





05) 


1 


73 





17) 


BZB 


C 


M 




yes 


J0424 


3-5332 


J042347 


22-533026.6 




1 


27 





04) 


2 


86 





04) 


2 


30 





12) 


BZQ 


C 


M 




no 






J042504 


26-533158.3 


SUMSSJ042604-533158 





99 





03) 


2 


68 





03) 


2 


12 





04) 


BZB 


C 


m,v 




yes 


J0433 


4-6029 


J043334 


08-603013.7 


SUMSSJ043333-603014 


1 


15 





04) 


3 


04 





04) 


2 


49 





07) 


BZQ 


B 


M 




yes 


.J0433 


9-5726 


J043344 


12-572613.3 







90 





04) 


2 


23 





07) 


2 


20 





27) 


BZB 


c 






no 


.10438 


8-4521 


J043900 


84-452222.6 


SUMSS.l 043900- 452223 


1 


14 





04) 


3 


09 





04) 


2 


45 





08) 


BZQ 


B 






yes 


J0440 


4+1433 


J044021 


14+143757.0 


NVSSJ044021+143757 


1 


13 





05) 


2 


88 





08) 


2 


54 





20) 


BZQ 


C 






yes 


J0456 


6+2658 


J045617 


36+270221.1 


NVSSJ045617+270221 





95 





04) 


2 


68 





07) 


2 


35 





17) 


UND 


c 






yes 


J0505 


9+6116 


J050558 


78+611335.9 


NVSSJ050558+611336 





65 





04) 


1 


83 





08) 


1 


69 





45) 


BZB 


c 


M 




yes 


J0506 


7-6436 


J060667 


80-543503.9 


SUMSSJ060667-543459 





74 





03) 


1 


89 





06) 


2 


02 





19) 


BZB 


c 


M 




yes 


J0508 


1-1936 


J050805 


76-194721.6 




1 


11 





04) 


2 


79 





07) 


2 


72 





13) 


BZQ 


c 


M 




no 


.10512 


9+4040 


J051252 


53+404143.7 


NVSS.T051252+404143 





90 





03) 


2 


50 





03) 


2 


13 





03) 


BZB 


A 


M 




yes 


.T0525 


5-6011 


7052537 


74-601732.0 




1 


11 





04) 


3 


25 





05) 


2 


68 





12) 


BZQ 


C 






no 


J0532 


0-4826 


J053158 


61-482736.0 


SUMSSJ053158-482737 





89 





03) 


2 


46 





03) 


2 


06 





03) 


BZB 


A 


V 




yes 


J0537 


7-6716 


J063748 


96-671830.2 


SUMSSJ063748-671828 





83 





03) 


2 


34 





04) 


2 


16 





09) 


BZB 


B 


M 




yes 


J0609 


4-0248 


J060916 


06-024754.6 


NVSSJ060915-024764 





78 





04) 


1 


97 





08) 


1 


71 





37) 


BZB 


C 


M 




yes 


J0621 


9+3760 


J062167 


63+375057.0 


NVSSJ062157+376066 


1 


14 





06) 


2 


94 





07) 


2 


52 





17) 


BZQ 


C 






yes 


J0644 


2-6713 


J064428 


06-671257.3 


SUMSSJ064427-671257 


1 


06 





03) 


2 


78 





02) 


2 


26 





03) 


UND 


A 






yes 


.J0647 


8-6102 


,7064740 


85-605805.2 


SUMSS,7064740-605804 


1 


10 





04) 


2 


96 





06) 


2 


34 





16) 


BZQ 


C 


V 




yes 






J064806 


5,5-610507.4 




1 


38 





04) 


3 


03 





05) 


2 


48 





12) 


BZQ 


C 






no 


J0653 


7+2818 


J065344 


26+281547.5 


NVSSJ065343+281546 





81 





04) 


2 


30 





07) 


1 


98 





26) 


BZB 


C 


N,M 




no 


J0700 


3+1710 


J070001 


60+170921.8 


NVSSJ070001+170922 


1 


11 





04) 


2 


97 





04) 


2 


50 





07) 


BZQ 


B 






yes 






J070046 


29+171019.8 




1 


08 





04) 


2 


62 





08) 


2 


18 





24) 


UND 


C 


M 




no 


J0702 


7-1961 


J070242 


90-195122.2 


NVSSJ070242-196123 


1 


02 





04) 


2 


70 





04) 


2 


15 





10) 


? 


B 


M 




yes 


J0703 


1-3912 


J070312 


64-391418.9 


NVSSJ070312-391418 





94 





03) 


2 


51 





04) 


2 


15 





09) 


BZB 


B 


M 




yes 


J0706 


5+7741 


,7070651 


32+774137.0 


NVSS.J070651+774137 





90 





03) 


2 


46 





03) 


1 


91 





08) 


BZB 


B 


M 




yes 


.J0706 


7-4845 


,7070549 


12-483911.4 







95 





04) 


2 


86 





06) 


2 


38 





19) 


UND 


C 


M 




no 


J0709 


3-0256 


J070945 


05-025517.4 


NVSSJ070945-025517 


1 


09 





03) 


2 


91 





03) 


2 


30 





06) 


UND 


c 


V 




yes 


J0726 


0-0063 


J072660 


63-005456.4 


BZUJ0725-0064 


1 


08 





03) 


2 


98 





03) 


2 


45 





03) 


BZCJ 


A 


M 


0.128 


yes 


J0734 


2-7706 


J073443 


44-771113.4 


SUMSSJ073441-771113 


1 


04 





04) 


3 


20 





05) 


2 


48 





11) 


BZQ 


C 






yes 


J0746 


5-0713 


J074627 


48-070949.7 


NVSSJ074627-070961 


1 


10 





04) 


3 


04 





07) 


2 


33 





18) 


UND 


C 


M 




yes 


J0746 


5-4768 


J074642 


30-475455.2 


SUMSSJ074642-475455 


1 


15 





03) 


2 


91 





06) 


1 


89 





16) 


BZB 


C 


M 




yes 


.J0816 


7-2420 


J081639 


46-242635.4 




1 


13 





07) 


3 


20 





11) 


2 


59 





30) 


BZQ 


C 






no 






J081640 


41-242106.6 


NVSS.J081640-242105 


1 


10 





04) 


3 


04 





04) 


2 


45 





09) 


BZQ 


B 






yes 


J0823 


0+4041 


J082257 


55+404149.8 


NVSSJ082257+404149 


1 


15 





04) 


2 


91 





04) 


2 


32 





07) 


BZQ 


C 


QSO 


0.8657 


yes 


J0844 


8-6469 


J084502 


47-545808.5 


AT20GJ084502-646808 


1 


02 





03) 


2 


82 





03) 


2 


31 





04) 


UND 


B 


M 




yes 


J0849 


9-3640 


J084945 


61-354101.2 


NVSSJ084945-364102 


1 


01 





03) 


2 


53 





04) 


2 


35 





08) 


UND 


B 


V 




yes 


.T0852 


4-5756 


J085238 


7,3-575529.4 


AT20GJ085238-676630 


1 


23 





03) 


2 


87 





03) 


2 


38 





03) 


BZQ 


A 






yes 


.T0853 


1-3659 


J085310 


50-365823.1 


NVSSJ086310-366820 





77 





04) 


2 


32 





04) 


1 


98 


t) 


08) 


BZB 


B 


N,M 




no 


.J0855 


1-0712 


J085435 


20-071837.5 




1 


10 





03) 


3 


03 





03) 


2 


48 





05) 


BZQ 


B 


M 




no 


.J0856 


0+7136 




oo-|- ( i4DZO.O 


IN V OO.JUfSoDo4-(- i i4Dz4 


1 


09 





04) 


2 


97 





04) 


2 


49 





07) 


BZQ 








yes 


J0858 


1-1952 


J085805 


36-195036.8 


NVSSJ085805-195036 


1 


16 





04) 


2 


80 





05) 


2 


25 





11) 


UND 


C 


M,QSO 


0.6597 


yes 


J0904 


8-3613 


J090423 


42-351203.0 




1 


24 





06) 


2 


82 





10) 


2 


37 





32) 


BZQ 


C 






no 


J0906 


2-0906 


J090618 


06-090544.9 


NVSSJ090618-090544 


1 


01 





04) 


2 


66 





05) 


2 


36 





12) 


UND 


C 


M 




yes 


.T0919 


3-2203 


J092002 


74-215835.0 




1 


01 





04) 


2 


76 





06) 


2 


21 





19) 


UND 


C 


M 




no 


.J0940 


8-6105 


7094047 


33-610728.5 


AT20GJ094047-610726 





87 





03) 


2 


57 





03) 


2 


17 





06) 


BZB 


B 


M,v 




yes 


J0941 


9-0755 


7094221 


46-075953.1 


NVSSJ094221-075953 





95 





03) 


2 


50 





03) 


2 


21 





07) 


BZB 


B 


V 




yes 


J0946 


9-2541 


7094709 


52-254100.0 


NVSSJ094709-264100 





72 





04) 


2 


16 





06) 


2 


06 





23) 


BZB 


C 


M 




yes 


J1016 


2-0638 


J101542 


96-063055.1 







93 





04) 


2 


91 





07) 


2 


48 





16) 


UND 


C 






no 






J101626 


98-063625.2 


NVSSJ101626-06362 





91 





04) 


2 


88 





07) 


2 


38 





18) 


UND 


c 


N,F 




no 


J 1045 


5-2931 


J104540 


62-292726.4 


NVSSJ104540-292725 


1 


09 





05) 


3 


13 





06) 


2 


33 





17) 


BZQ 


c 






yes 


.11103 


9-5356 


J110352 


22-535700.7 


AT20G.T110352-535700 





98 





03) 


2 


88 





03) 


2 


22 





03) 


? 


A 


M,v 




yes 


.T1106 


3-3643 


J110624 


04-364659.0 


NVSS.Tl 10624-364659 


1 


08 





04) 


2 


65 





06) 


2 


39 





16) 


7 


C 






yes 


.11154 


1-3242 


J115406 


16-324243.0 


NVSS.J115406-324242 


1 


02 





04) 


2 


87 





05) 


2 


41 





12) 


7 


C 


M,v 




yes 


.J1230 


2-5258 


J122939 


88-530332.1 


AT20G.J122939-530332 





66 





04) 


2 


22 





07) 


1 


90 





27) 


BZB 


c 


M 




no 


.11238 


1-1953 


J123824 


40-195913.4 


NVSSJ123824-195913 





88 





03) 


2 


46 





04) 


2 


13 





11) 


BZB 


B 


M 




yes 


.11239 


5+0728 


J 123924 


68+073017.2 


BZUJ1239+0730 


1 


07 





03) 


2 


96 





04) 


2 


32 





07) 


? 


C 


M 


0.4 


no 



Col. (1) 2FGL name. 
Col. (2) WISE name. 

Col. (3) Other name if present in literature and in the following order: ROMA-BZCAT, NVSS, SDSS, AT20G, NED. 

Cols. (4,5,6) Infrared colors from the WISE all sky catalog corrected for Galactic extinciton. Values in parentheses are lo" uncertainties. 
Col. (7) Type of candidate according to our method: BZB - BZQ - UND (undetermined). 



- 19 - 



Table 6: Active galaxies of Uncertain type (12h - 241i). 



2FGL 




WISE 




other 


[3.41-[4.6] 


[4.6]-[12] 




12] 


-[22] 


type 


class 


notes 


z 


reassoc. 


name 




name 




name 




mag 




mag 




maf 












flag 


J1301 


6+3331 


J130147 


03+332236.3 


SDSSJ130147.01+332236.4 


1 


04 





03) 


2 


46 





04) 


2 


27 





08) 


UND 


B 


M,s 


? 


no 


J1303 


8-5637 


J 130349 


23-554031.6 


AT20GJ130349-664031 


1 


01 





03) 


2 


87 





03) 


2 


36 





03) 


UND 


A 


M,v 


? 


yes 


J1304 


1-2416 


J130416 


70-241216.6 


NVSSJ130416-24121 





89 





03) 


2 


37 





06) 


2 


01 





16) 


BZB 


C 


N,M 


? 


no 


.T1304 


3-4353 


.7130421 


01-435310.2 


SUMSS.7130420- 435308 





84 





03) 


2 


24 





03) 


1 


93 





05) 


BZB 


B 


M,v 


? 


yes 


.T1307 


5-4300 


7130737 


98-425938.9 


SUMSS7130737-42594 





73 





03) 


2 


04 





03) 


1 


90 





08) 


BZB 


B 


S,M,6,v 


? 


no 


.T1307 


6-6704 


7130817 


51-670705.8 


AT20G.T130817-670704 





77 





03) 


2 


55 





04) 


2 


28 





06) 


BZB 


B 


M,v 


? 


yes 


.T1329 


2-5608 


,7132901 


16-560802.5 


AT20G.T132901-560802 


1 


05 





03) 


2 


78 





03) 


2 


22 





07) 


UND 


B 


M,v 


7 


yes 


J1330 


1-7002 


J133011 


34-700312.7 


AT20GJ133010- 700313 





78 





03) 


2 


48 





03) 


2 


25 





04) 


BZB 


B 




? 


yes 


J1351 


3-2909 


J136146 


86-291217.4 


BZUJ1351-2912 


1 


12 





03) 


2 


87 





03) 


2 


48 





06) 


BZQ 


B 


V 


1.034? 


no 


J1406 


2-2610 


J140609 


60-250809.2 


NVSSJ140609-250808 





83 





04) 


2 


37 





07) 


2 


02 





26) 


BZB 


C 


M,v 


? 


yes 


.J1416 


3-2415 


.7141554 


91-241925.8 


NVSSJ141554-241924 


1 


26 





05) 


3 


13 





08) 


2 


51 





22) 


BZQ 


C 


N 


? 


no 






7141642 


23-241021.2 







92 





04) 


2 


71 





08) 


2 


39 





23) 


UND 


C 


M 


? 


no 


.J1419 


4-0835 


7141922 


56-083831.9 


NVSS.J141922-083830 


1 


01 





03) 


2 


78 





04) 


2 


15 





09) 


UND 


B 


V 


? 


yes 


.J1514 


6-4751 


7151440 


03-474829.7 


AT20G.J151440-474828 


1 


14 





04) 


3 


07 





04) 


2 


43 





06) 


BZQ 


B 


M 


? 


yes 


J1518 


2-2733 


J151803 


60-273131.0 


NVSSJ151803-273131 





62 





03) 


2 


14 





04) 


2 


18 





10) 


BZB 


C 


M 


? 


yes 


J1553 


2-2424 


J166331 


62-242206.0 


NVSSJ155331-242206 


1 


16 





04) 


2 


96 





07) 


2 


66 





14) 


BZQ 


C 




0.332? 


yes 


J1558 


3-H8613 


J160031 


76+850949.2 


NVSSJ160031+860948 





82 





03) 


2 


18 





04) 


2 


02 





14) 


BZB 


B 


N,M 


? 


no 


.J1604 


5-4442 


7160431 


03-444131.9 


AT20G.J160431-444131 





98 





03) 


2 


80 





03) 


2 


46 





05) 


UND 


B 


M 


7 


yes 


.T1626 


0-7636 


7162638 


17-763855.4 


SUMSS,7162639- 763856 





56 





03) 


2 


21 





05) 


1 


97 





19) 


BZB 


C 


M,v 


? 


yes 


.71650 


1-5044 


7165016 


63-504448.2 


AT20G,J165016-504446 





95 





04) 


2 


65 





04) 


2 


22 





09) 


UND 


B 


M,v 


? 


yes 


J 1725 


1-7714 


7172350 


86-771350.3 


SUMSS,7172350-771350 


1 


01 





03) 


2 


67 





04) 


2 


33 





08) 


7'ND 


B 


M,v 


7 


yes 


J1759 


2-4819 


J175858 


45-482112.4 


SUMSSJ175858-482112 





91 





03) 


2 


62 





03) 


2 


21 





05) 


UND 


C 




7 


yes 


J1811 


n 1 K'^ An 
U-t-034U 




99+OOOOUl.O 


iN V OS J iaiU3a+oooo0l 





83 





03) 


2 


22 





06) 


2 


16 





16) 


BZB 


c 


N,M,X 




no 


J1815 


6-6407 


J181425 


96-641008.8 




1 


27 





06) 


3 


06 





08) 


2 


67 





19) 


BZQ 


c 




7 


no 


.11816 


7-4942 


,7181655 


99-494344.7 


SUMSSJ181666-494344 





99 





05) 


2 


86 





07) 


2 


21 





19) 


UND 


c 




7 


yes 


.T1818 


7-F2138 


7181905 


22 + 213234.0 


NVSSJ181905+213236 





90 





04) 


2 


50 





05) 


1 


99 





17) 


BZB 


c 


M 


7 


yes 


J1820 


6-H3626 


J182023 


61+362914.4 




1 


04 





04) 


2 


61 





05) 


2 


36 





17) 


UND 


c 




7 


no 


J1823 


6-3463 


J182338 


69-345412.0 


NVSSJ182338-346412 





68 





04) 


2 


05 





04) 


1 


92 





13) 


BZB 


B 


M 


7 


yes 


J1823 


8-H4312 


J182362 


33+431452.5 




1 


12 





04) 


2 


96 





05) 


2 


50 





13) 


BZQ 


C 


X 


7 


no 


J182B 


1-6231 


J182613 


79-523058.1 


SUMSSJ182613-523057 


1 


65 





03) 


2 


86 





03) 


2 


26 





07) 


UND 


B 


M 


7 


yes 


J1830 


0-1-1326 


J183000 


76+132414.4 


NVSSJ183000+132414 





95 





04) 


2 


60 





04) 


2 


23 





11) 


UND 


c 


M 


7 


yes 


.J1830 


2-4441 


,7183000 


86-444111.4 


SUMSSJ183000-444112 


1 


17 





04) 


3 


10 





05) 


2 


37 





10) 


BZQ 


c 


M 


7 


yes 


.T1844 


7-F5716 


7184450 


96+570938.6 


NVSSJ184451+670940 





86 





03) 


2 


38 





04) 


2 


16 





10) 


BZB 


B 


M 


7 


yes 


J1936 


9-H8402 


J 193930 


23+835925.8 




1 


08 





04) 


2 


97 





05) 


2 


43 





14) 


BZQ 


C 




7 


no 


J1940 


8-6213 


J194121 


76-621120.8 


SUMSSJ194121-621120 


1 


30 





04) 


2 


88 





04) 


2 


36 





09) 


BZQ 


C 




7 


yes 


J1942 


8-H1033 


J194247 


48+103327.2 


NVSSJ194247+103327 





72 





03) 


2 


06 





03) 


1 


85 





07) 


BZB 


B 


M 


7 


yes 


J1959 


9-4727 


J196945 


66-472519.2 


SUMSSJ196946-472519 





80 





03) 


2 


15 





04) 


1 


66 





17) 


BZB 


C 


M 


7 


yes 


J2040 


2-7109 


J203931 


44-711033.0 




1 


12 





04) 


3 


01 





05) 


2 


71 





12) 


BZQ 


C 




7 


no 


J2049 


8-1-1001 


J204932 


28+095911.8 




1 


23 





06) 


3 


13 





10) 


2 


68 





23) 


BZQ 


C 




7 


no 


.J2103 


6-6236 


J210338 


38-623225.8 


SUMSSJ210338-623226 





81 





03) 


2 


30 





03) 


1 


80 





12) 


BZB 


B 


M 


7 


yes 


J2250 


2-4205 


J225014 


94-420218.6 




1 


05 





04) 


2 


64 





07) 


2 


39 





20) 


UND 


C 




7 


no 






J226022 


20-420613.2 


SUMSSJ226022-420613 





94 





03) 


2 


47 





04) 


1 


88 





13) 


BZB 


C 


M 


0.1187? 


yes 


J2317 


3-4634 


J231731 


97-453359.6 


SUMSSJ231731-453400 





70 





04) 


2 


19 





08) 


1 


92 





34) 


BZB 


C 


S,M,6 


7 


no 


J2323 


0-4918 


J232266 


30-491942.0 




1 


08 





06) 


3 


21 





10) 


2 


34 





30) 


BZQ 


C 




7 


no 


J2324 


6-H0801 


J232445 


31+080206.3 


NVSSJ232445+080206 





83 





04) 


2 


30 





06) 


2 


05 





21) 


BZB 


C 


M 


7 


yes 


J2325 


4-H1660 


J232626 


62+164941.1 




1 


34 





04) 


3 


04 





05) 


2 


42 





12) 


BZQ 


c 




7 


no 






J232638 


11+164642.8 


NVSSJ232538+164641 





78 





04) 


2 


16 





10) 


2 


27 





33) 


BZB 


c 


M 


7 


yes 



Col. (1) 2FGL name. 
Col. (2) WISE name. 

Col. (3) Other name if present in literature and in the following order: ROMA-BZCAT, NVSS, SDSS, AT20G, NED. 

Cols. (4,5,6) Infrared colors from the WISE all sky catalog corrected for Galactic extinciton. Values in parentheses are Ict uncertainties. 
Col. (7) Type of candidate according to our method: BZB - BZQ - UND (undetermined). 
Col. (8) Class of candidate according to our method. 

Col. (9) Notes: N = NVSS, F = FIRST, S = SUMSS, A=AT20G, M = 2MASS, s = SDSS dr9, 6 = 6dFGS, x = XMM-Newton or Chandra, X = 
ROSAT; QSO ^ quasar, Sy ^ Seyfert, LNR ^ LINER, BL = BL Lac; v = variability in WISE (varjlag > 5 in at least one band). 
Col. (10) Rcdshift: (?) — unknown, (number?) = uncertain. Col. (11) Re-association flag: "yes" if the association of our method corresponds to 
the one provided in the 2FGL, "no" otherwise. 
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Table 7: UGSs without 7-ray blazar candidates associated. 



2FGLJ0002 


7+6220 


2FGLJ1115 


0-0701 


2FGLJ1721 


0+0711 


2FGLJ0032 


7-5521 


2FGLJ1117 


2-5341 


2FGLJ1722 


5-0420 


2FGLJ0048 


8-6347 


2FGLJ1120 


0-2204 


2FGLJ1730 


6-2409 


2FGLJ0212 


1+5318 


2FGLJ1129 


0-0532 


2FGLJ1744 


1-7620 


2FGLJ0224 


0+6204 


2FGLJ1208 


5-6240 


2FGLJ1747 


6+0324 


2FGLJ0239 


5+1324 


2FGLJ1221 


4-0633 


2FGLJ1748 


8+3418 


2FGLJ0248 


5+5131 


2FGLJ1231 


3-5112 


2FGLJ1748 


9-3923 


2FGLJ0305 


0-1602 


2FGLJ1240 


6-7151 


2FGLJ1753 


8-4446 


2FGLJ0307 


4+4915 


2FGLJ1306 


2-6044 


2FGLJ1757 


5-6028 


2FGLJ0318 


0+0255 


2FGLJ1312 


9-2351 


2FGLJ1759 


4-2954 


2FGLJ0336 


0+7504 


2FGLJ1335 


3-4058 


2FGLJ1820 


6-3219 


2FGLJ0338 


2+1306 


2FGLJ1353 


5-6640 


2FGLJ1821 


8+0830 


2FGLJ0353 


2+5653 


2FGLJ1400 


7-1438 


2FGLJ1828 


7+3231 


2FGLJ0359 


5+5410 


2FGLJ1410 


4+7411 


2FGLJ1830 


9-3132 


2FGLJ0409 


5+0509 


2FGLJ1417 


7-5028 


2FGLJ1902 


7-7053 


2FGLJ0418 


9+6636 


2FGLJ1423 


9-7842 


2FGLJ1906 


5+0720 


2FGLJ0420 


9-3743 


2FGLJ1424 


2-1752 


2FGLJ1919 


5-7324 


2FGLJ0426 


7+5434 


2FGLJ1458 


5-2121 


2FGLJ1946 


7-1118 


2FGLJ0438 


0-7331 


2FGLJ1507 


0-6223 


2FGLJ1947 


8-0739 


2FGLJ0439 


8-1858 


2FGLJ1513 


5-2546 


2FGLJ2002 


8-2150 


2FGLJ0516 


7+2634 


2FGLJ1513 


9-2256 


2FGLJ2017 


5-1618 


2FGLJ0523 


3-2530 


2FGLJ1518 


4-5233 


2FGLJ2018 


0+3626 


2FGLJ0524 


1+2843 


2FGLJ1536 


4-4949 


2FGLJ2034 


7-4201 


2FGLJ0533 


9+6759 


2FGLJ1539 


2-3325 


2FGLJ2034 


9+3632 


2FGLJ0539 


3-0323 


2FGLJ1544 


5-1126 


2FGLJ2041 


2+4735 


2FGLJ0605 


3+3758 


2FGLJ1548 


3+1453 


2FGLJ2042 


8-7317 


2FGLJ0658 


4+0633 


2FGLJ1601 


1-4220 


2FGLJ2046 


2-4259 


2FGLJ0719 


2-5000 


2FGLJ1617 


3-5336 


2FGLJ2103 


5-1112 


2FGLJ0758 


8-1448 


2FGLJ1617 


5-2657 


2FGLJ2107 


8+3652 


2FGLJ0803 


2-0339 


2FGLJ1622 


8-5006 


2FGLJ2110 


3+3822 


2FGLJ0843 


6+6715 


2FGLJ1624 


1-4040 


2FGLJ2112 


5-3042 


2FGLJ0854 


7-4501 


2FGLJ1626 


4-4408 


2FGLJ2115 


4+1213 


2FGLJ0859 


4-2532 


2FGLJ1631 


6-2819 


2FGLJ2117 


5+3730 


2FGLJ0934 


0-6231 


2FGLJ1646 


7-1333 


2FGLJ2212 


6+0702 


2FGLJ0952 


7-3717 


2FGLJ1649 


2-3004 


2FGLJ2246 


3+1549 


2FGLJ1016 


4-4244 


2FGLJ1704 


3+1235 


2FGLJ2249 


1+5758 


2FGLJ1033 


5-5032 


2FGLJ1704 


6-0529 


2FGLJ2339 


6-0532 


2FGLJ1036 


1-6722 


2FGLJ1709 


0-0821 


2FGLJ2351 


6-7558 
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355 color space, well sepa r ated from that occupie d by other extragalactic and galactic sources 

356 flMassaro et al. 201 Ibi IP'Abrusco et al. 20121 ). According to D'Abrusco et al. (2013) the 

357 3- dimensional region occupied by 7-ray emitting blazars is the locus; its 2-dimensional 

358 projection in the [3.4]-[4 .6]-[12] /xm paramete r space, retains its historical definition of 

359 WISE Gamma-iaj Strip (IMassaro et al. 201 Ibl ). Additional impr ovements, mostly based on 

360 the WISE all-sky data release, available since March 2012 (e.g., ICutri et al. 20121 ). and on 

361 a new parametrization of the locus in the parameter space of its principal components have 

362 been subsequently developed (ID'Abrusco et al. 20131 ) . 



363 In this work we describe the results obtained by applying our new association procedure 

364 to the search for new 7-ray blazar candidates in the two samples: the unidentified gamma- 

365 ray sources (UGSs) , and the active galaxies of uncertain type (AGUs), as listed in the 2FGL 

366 jNolan et al. 20121 ). 



367 We present the complete list of 7-ray blazar candidates found using the WISE observa- 

368 tions. We also perform an extensive archival search to see if the sources associated with our 

369 method, show additional blazar-like characteristics; as for example the presence of a radio 

370 counterpart and/or of a spectrum that could be featureless as for BZBs or similar to those 

371 of broad-line quasars as generally occurs in BZQs. 

372 We found 62 7-ray blazar candidates for the UGS without any 7-ray analysis fiag and 

373 49 for those with 7-ray analysis flag, out of a total of 590 sources investigated. For the AGUs 

374 sample, we confirmed the blazar-like nature of 87 out 210 of AGUs analyzed on the basis of 

375 their IR colors. 



376 
377 

378 
379 
380 
381 
382 
383 
384 
385 
386 
387 
388 



A significant fraction (i.e., ~ 36%) of the WISE sources associated with our method 
with UGSs have a radio counterpart, more than 50% are also detected in the 2MASS cat- 
alog as generally occurs for bla zars, and more th an ~10% appear to be variable accord- 



ing to the WISE analysis fiags (ICutri et al. 20121 ). Notably, all the sources for which an 
optical spectrum was available in literature clearly show blazar-like features, being either 
featureless or having broad emission lines typical of quasars, the only exception being SDSS 
J015910.05+010514.5, one of the counterparts associated with 2FGLJ0158.4+0107. As gen- 
erally expected for 7-ray blazars a handful of the selected candidates are also detected in the 
X-rays. A deeper investig ation of their X-ray counterparts will be addressed in a forthcoming 
paper (jPaggi et al. 20131 ). All the 7-ray blazar candidates selected with our association pro- 
cedure appear to be extragalactic in nature; moreover our selection seems not to be highly 
contaminated by any class of non-blazar-like sources, as for example obscured quasars or 
Seyfert galaxies. 



389 



Our results are in good agreement with those based on different statistical approaches 
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390 like the Classification Tree and the Logistic regression analyses (lAckermann et al. 20121 ). In 

391 particular, 23 out of 28 UGSs that we associate to a 7-ray blazar candidate are also classified 

392 as active galaxies by the above methods at high level of confidence. 

393 For UGSs associated with a pulsar in the 2FGL analysis as reported in the Public List 

394 of LAT-Detected Gamma- Ray Pulsars (see Section [2.11) . we did not find any WISE 7-ray 

395 blazar candidate, confirming the reliability of our selection procedure. We provide a list 

396 of the UGSs for which we did not find any 7-ray blazar candidates using either the new 

397 improved method or the old parametrization (i.e., less conservative), within their positional 

398 uncertainty regions at 95% level of confidence. This list of Fermi sources reported in Table [7] 

399 could be useful for follow up observations aiming at discover new pulsars or to constrain 

400 exotic high-e nergy physics phenomena such as dark ma tter signatures, or new classes of 

401 sources (e.g. 



Zechhn et al. 20121 : ISu fc Finkbeiner 20121 ). 



402 Finally, we emphasize that additional investigations of different samples of active 

403 galactic nuclei, such as Seyfert galaxies, are necessary to study the problem of the con- 

404 tamination of our association method by extragalactic sources with infrared colors similar 

405 to those of 7-ray blazars. Moreover extensive ground-based spectroscopic follow up ob- 

406 servations in the optical and in the near IR would be ideal to verify the nature of the 

407 selected WISE sources and to estimate the fraction of non-blazar obj ects, similar to the 



408 recent studies performed for the unidentified INTEGRAL so urces (e.g.. iMasetti et al. 2008 



Masetti et al. 20091 : iMasetti et al. 2010l : iMasetti et al. 20121 ). 



410 Note added to the proofs: The infrared source WISE J182352. 33+431452. 5, potential 

411 counterpart of 2FGL J1823. 8-1-4312, is a possible contaminant of our selections given its 

412 optical spectrum typical of an obscured red quasar (D. Stern priv. comm.). 

413 We thank the anonymous referee for useful comments that led to improvements in the 

414 paper. F. Massaro is grateful to S. Digel and D. Thompson for their helpful discussions and 

415 to M. Ajello, E. Ferrara and J. Ballet for their support. The work is supported by the NASA 

416 grants NNX12A097G. R. D'Abrusco gratefully acknowledges the financial support of the US 

417 Virtual Astronomical Observatory, which is sponsored by the National Science Foundation 

418 and the National Aeronautics and Space Administration. The work by G. Tosti is supported 

419 by the ASI/INAF contract 1/005/12/0. H. A. Smith ack nowledges partial support from 

420 NASA/JPL grant RSA 1369566. TOPCAT0 jTavlor 2005h and SAOImage DS9 were used 



421 extensively in this work for the preparation and manipulation of the tabular data and the 
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422 images. Part of this work is based on archival data, software or on-hne services provided by 

423 the ASI Science Data Center. This research has made use of data obtained from the High 

424 Energy Astrophysics Science Archive Research Center (HEASARC) provided by NASA's 

425 Goddard Space Fhght Center; the SIMBAD database operated at CDS, Strasbourg, France; 

426 the NASA/IPAC Extragalactic Database (NED) operated by the Jet Propulsion Labora- 

427 tory, California Institute of Technology, under contract with the National Aeronautics and 

428 Space Administration. Part of this work is based on the NVSS (NRAO VLA Sky Survey); 

429 The National Radio Astronomy Observatory is operated by Associated Universities, Inc., 

430 under contract with the National Science Foundation. This publication makes use of data 

431 products from the Two Micron All Sky Survey, which is a joint project of the University of 

432 Massachusetts and the Infrared Processing and Analysis Center/California Institute of Tech- 

433 nology, funded by the National Aeronautics and Space Administration and the National Sci- 

434 ence Foundation. This publication makes use of data products from the Wide-field Infrared 

435 Survey Explorer, which is a joint project of the University of California, Los Angeles, and the 

436 Jet Propulsion Laboratory/ California Institute of Technology, funded by the National Aero- 

437 nautics and Space Administration. Funding for the SDSS and SDSS-II has been provided by 

438 the Alfred P. Sloan Foundation, the Participating Institutions, the National Science Founda- 

439 tion, the U.S. Department of Energy, the National Aeronautics and Space Administration, 

440 the Japanese Monbukagakusho, the Max Planck Society, and the Higher Education Funding 

441 Council for England. The SDSS Web Site is http:/ /www.sdss.org/ The SDSS is managed by 

442 the Astrophysical Research Consortium for the Participating Institutions. The Participating 

443 Institutions are the American Museum of Natural History, Astrophysical Institute Potsdam, 

444 University of Basel, University of Cambridge, Case Western Reserve University, University 

445 of Chicago, Drexel University, Fermilab, the Institute for Advanced Study, the Japan Par- 

446 ticipation Group, Johns Hopkins University, the Joint Institute for Nuclear Astrophysics, 

447 the Kavli Institute for Particle Astrophysics and Cosmology, the Korean Scientist Group, 

448 the Chinese Academy of Sciences (LAMOST), Los Alamos National Laboratory, the Max- 

449 Planck-Institute for Astronomy (MPIA), the Max-Planck-Institute for Astrophysics (MPA), 

450 New Mexico State University, Ohio State University, University of Pittsburgh, University of 

451 Portsmouth, Princeton University, the United States Naval Observatory, and the University 

452 of Washington. 
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527 



A. Optical counterparts 



528 In Tables [8], [9l [10] and [HI we report the magnitudes of the optical counterpart uniquely 

529 found within 3". 3, for all the 7-ray blazar candidates, selected according to our association 

530 procedure. This information permits us to optimize the strategy for the future follow up 

531 optical observations needed to clarify the nature of the selected sources and to determine 

532 their redshifts via spectroscopy. 
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Table 8: Optical magnitudes of the USNO Bl catalog for the UGSs without 7-ray analysis 



flags. 



2FGL 




WISE 




Bl 


Rl 


B2 


R2 


I 










mag 


mag 




ag 


m 


ag 




ag 


J0039 


1+4331 


J003858 


27+432947,0 


19,29 


19 


26 


19 


03 


18 


84 


18 


32 


.J0116 


6-6153 


J011619 


59-615343,5 




17 


72 


18 


22 


17 


78 


17 


91 


.T0133 


4-4408 


,7013306 


35-441421,3 




18 


38 


19 


70 


18 


12 


18 


76 


J0133 


4-4408 


J013321 


36-441319,4 




18 


63 


19 


39 


18 


32 


18 


80 


J0143 


6-5844 


J014347 


39-584551.3 




16 


70 


18 


48 


16 


64 


17 


04 


J0158 


4-H0107 


J016910 


06+010514.7 


17,94 


18 


27 


17 


71 


18 


43 


16 


33 


J0158 


4-H0107 


J016767 


46+011547.8 


21,13 


19 


39 






19 


31 


18 


58 


J0158 


4-H0107 


JO 15836 


25+010632.1 


19,22 


18 


90 


19 


02 


19 


07 


17 


62 


J0158 


6-1-8558 


J014935 


30+860115.3 


18,79 


17 


14 


18 


60 


16 


96 


15 


92 


.J0158 


6+8558 


,7015550 


16+8,")4745,1 


19,83 


19 


27 


19 


95 


18 


90 


17 


78 


J0227 


7+2249 


J022744 


35+224834,3 








20 


82 


20 


22 


19 


28 


J0316 


1-6434 


J031614 


31-643731,4 




16 


69 


18 


19 


16 


67 


16 


82 


J0332 


1+6309 


J033163 


90+630814,1 








20 


66 


19 


92 


18 


35 


J0409 


8-0367 


J040946 


67-040003,4 


19,45 


19 


18 


17 


53 


16 


98 


16 


86 


J0414 


9-0855 


J041457 


01-085652,0 


20,48 


18 


16 


20 


21 


17 


31 


17 


69 


J0416 


0-4355 


J041605 


81-435514,6 




18 


49 


18 


70 


18 


17 


18 


00 


J0555 


9-4348 


,7055618 


74-435146,1 




19 


23 


18 


88 


19 


08 


18 


08 


J0555 


9-4348 


J055531 


59-435030,7 




19 


16 


19 


22 


18 


93 


18 


19 


J0602 


7-4011 


J060237 


10-401453,2 




17 


61 


17 


76 


17 


74 


17 


62 


J0644 


6+6034 


J064459 


38+603131,7 


19,44 


19 


03 


19 


33 


18 


23 


18 


28 


.T0713 


5-0952 


7071223 


28-094536,3 








19 


48 


17 


88 


17 


24 


.70723 


9+2901 


7072354 


83 + 285929,9 


19,78 


19 


05 


19 


97 


18 


72 






.T0744 


1-2523 


,7074402 


19-252146,0 




13 


33 






9,,^ 


10 






.70746 


0-0222 


,7074627 


03-022549,3 


19,03 






18 


59 


18 


43 


16 


53 


J0756 


3-6433 


J075624 


60-643030,6 




18 


80 


19 


13 


17 


26 


18 


56 


J0807 


0-6611 


J080729 


66-650910,3 




18 


97 


19 


15 


19 


89 






J0838 


8-2828 


J083842 


77-282830,9 


19,66 






18 


49 


19 


02 


18 


01 


.T0841 


3-3556 


7084121 


6,3-355505,9 




17 


20 


17 


57 


16 


72 


16 


64 


.T0844 


9 + 6214 


7084406 


81+621458,6 


19,39 


16 


38 


18 


75 


16 


62 


15 


85 


.T0858 


3-4333 


7085839 


22-432642,7 




20 


10 






20 


12 


17 


83 


.T0900 


9+6736 


7090121 


65+673955,8 


19,09 


18 


52 


19 


61 


18 


25 


18 


13 


J0955 


0-3949 


J095458 


30-394655,0 




16 


66 


18 


15 


17 


21 


17 


11 


J1013 


6+3434 


J101266 


64+343648,8 


20,22 


18 


60 


20 


44 


17 


99 


17 


39 


J1016 


1+5600 


J101544 


44+555100,7 


19,69 


19 


42 


20 


61 


19 


35 






.J1029 


5-2022 


.7102946 


66-201812,6 


18,01 


18 


22 


18 


41 


18 


25 


18 


37 


.J1032 


9-8401 


,7103015 


3,5-840308,7 




19 


36 


19 


26 


18 


84 


18 


03 


J1038 


2-2423 


Jl()3754 


92-242,544,5 


20,58 


18 


21 


20 


56 


18 


53 


18 


09 


J1207 


3-6066 


J12()746 


43-505948,6 








20 


50 


20 


07 










J120750 


50-510314,9 




19 


12 


19 


71 


20 


27 






J1254 


2-2203 


J 126422 


47-220413,6 




19 


88 


18 


67 


19 


11 


18 


22 


J1259 


8-3749 


J125949 


80-374858,1 




17 


44 


18 


07 


16 


78 


17 


35 


.11340 


5-0412 


.7134042 


02-041006,8 


18,21 


17 


21 


17 


59 


16 


46 


17 


08 


.J1346 


0-2605 


,7134621 


08-255642,3 


19,82 


19 


25 


19 


13 


18 


77 


18 


39 


.J1347 


0-2956 


.7134706 


89-295842,3 


17,85 


17 


09 


18 


80 


17 


14 


17 


09 


.11404 


0-5244 


.7140313 


11-524839,5 




17 


49 


18 


92 


18 


57 






J1517 


2+3645 


J151649 


26+365022,9 


20,90 






21 


49 


20 


07 


19 


16 


J1612 


0+1403 


J161118 


10+140328,9 


18,39 


18 


39 


19 


06 


19 


16 


18 


43 


J1614 


8+4703 


J161641 


22+471111,8 


17,66 


16 


03 


16 


90 


15 


39 


15 


51 






J161434 


67+470420,1 


15,62 


15 


76 


16 


28 


16 


13 


15 


14 






J161513 


04+471355,2 




20 


02 


21 


44 


20 


29 


19 


09 






.7161450 


96+465953,7 




19 


19 


21 


66 


19 


60 


19 


10 


.71622 


8-0314 


7162225 


3,5-031439,6 




19 


85 






19 


41 






J1627 


8+3219 


J162800 


40+322414,0 


20,65 


19 


50 


19 


02 


18 


88 


19 


01 


J1647 


0+4361 


J164619 


96+435631,0 


20,43 


19 


73 


20 


42 


19 


67 






J 1730 


6-0363 


J173062 


86-035247,1 


18,31 


17 


40 


19 


30 


17 


33 


16 


73 


.J 1745 


6+0203 


.7174526 


95+020532,7 


18,71 


17 


12 


18 


06 


17 


28 


17 


16 






,7174507 


82+015442,5 


19,21 


16 


40 


18 


11 


16 


30 


15 


98 


J1759 


2-3853 


J175903 


29-384739,5 




17 


95 


18 


95 










J1842 


3+2740 


J184201 


26+274239,2 


20,18 


19 


04 


19 


34 


19 


18 


18 


75 


J1904 


8-0706 


J190444 


67-070740,1 




19 


73 


19 


87 


18 


46 






J1924 


9-1036 


J192601 


63-104316,3 




18 


63 


19 


42 


18 


04 


17 


75 


J2004 


6+7004 


J200506 


02+700439,3 


20,73 


19 


26 


19 


24 


18 


65 






.12021 


5+0632 


J202155 


45+062913,7 


17,27 


16 


13 


17 


01 


16 


67 


16 


03 






J202154 


66+062908,7 


19,16 


17 


44 


17 


81 


17 


24 


17 


35 


J2133 


9+6645 


J213349 


21+664704,3 












19 


37 


18 


80 


J2134 


6-2130 


J213430 


18-213032,6 


19,77 


18 


66 


18 


96 


16 


80 


17 


70 


J2300 


0-3663 


J230010 


16-360159,9 




18 


43 


19 


23 


18 


17 


17 


63 


J2319 


3-3830 


J232000 


11-383511,4 




19 


24 


19 


86 


18 


92 


18 


48 


J2358 


4-1811 


J236828 


61-181526,6 


18,73 


18 


83 


18 


54 


18 


33 


18 


34 
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Table 9: Optical magnitudes of the USNO Bl catalog for the UGSs with 7-ray analysis flags. 



2FGL 




WISE 




Bl 


Rl 


B2 


R2 


I 


name 




name 




mag 


mag 


mag 


m 


ag 


mag 


.10233 


9+6238C 


.7023238 


07+623651.9 










20 


95 






18 


70 






.1023418 


09 + 624207.8 














19 


34 


17 


89 


J0341 


8+3148C 


J034158 


52+314855.7 


18 


76 


14 


98 


17 


64 


14 


86 


13 


62 






J034204 


35+314711.4 






19 


84 






19 


86 


17 


33 


J0440 


B+2564C 


J043947 


48+260140.6 






19 


09 






19 


11 


16 


70 


J0620 


8-2666 


J062108 


68-266767.9 


19 


78 






19 


94 


19 


22 






J0631 


7+0428 


J063104 


12+042012.6 






20 


31 






20 


36 






J0637 


0+0416C 


J063647 


19+042058.7 


20 


25 


17 


34 


20 


42 


17 


61 


16 


47 






.J063703 


09+042146.1 


18 


95 


16 


95 


19 


88 


17 


23 


16 


04 






J063705 


96+042537.2 


21 


00 


18 


79 


20 


37 


17 


45 


16 


87 






J063701 


93+042037.2 


21 


00 






18 


57 










J0922 


2-6214C 


J0921B4 


24-621236.1 










19 


57 


18 


86 


17 


49 


J1059 


9-2061 


J11002B 


72-206333.4 


18 


44 


16 


67 


18 


08 


16 


62 


16 


64 


J1208 


6-2267 


J120816 


33-224921.9 


18 


29 


18 


04 


21 


52 


18 


12 


18 


43 


.J1255 


8-5828 


.7125459 


44-582009.5 






16 


56 


18 


67 


16 


71 


16 


33 


J 13 15 


6-0730 


.7131,543 


62-073659.0 


19 


88 


19 


09 


18 


21 


17 


95 


18 


06 


J1315 


6-0730 


J131552 


98-073301.9 


19 


78 


18 


68 


18 


75 


17 


75 


17 


56 


J1324 


4-6411 


J13241B 


49-641104.4 






18 


16 






18 


86 






J1345 


8-3366 


J134643 


05-336643.3 






17 


98 


19 


58 


18 


66 


18 


12 


J 1407 


4-2948 


J140818 


86-294203.2 










20 


80 


19 


36 


18 


75 


J1624 


2-2124 


J162343 


89-210707.0 


19 


70 


18 


67 


19 


35 


18 


74 


18 


61 


J1835 


4-H1036 


J183551 


92+103056.8 


18 


37 


16 


97 


17 


97 


16 


73 


16 


30 


J1835 


4-H1349 


J183522 


00+135733.9 


19 


69 


18 


29 


19 


36 


18 


15 


17 


24 






J183535 


34+134848.8 


19 


57 


17 


15 


19 


01 


16 


66 


16 


84 


J1837 


9-H3821 


J1836B6 


31+382232.8 


18 


37 


18 


01 


19 


53 


18 


46 


18 


34 






J183828 


80+382704.3 


20 


75 






20 


96 


20 


60 










J183837 


16+381900.6 


21 


01 


19 


40 


19 


23 


19 


01 


18 


76 


J 1844 


3-1-1648 


J184425 


36+154645.9 


18 


90 


18 


17 


18 


45 


17 


16 


16 


00 


.11844 


9-1116 


.7184456 


29-111352.1 






18 


29 










13 


34 


.J1958 


6+4020 


.7195842 


28+401125.8 


18 


81 






19 


05 










J2124 


0-1513 


J212423 


63-152558.2 


20 


18 


19 


41 


20 


33 


18 


87 


18 


59 


J2128 


7+6824 


J212900 


37+583128.0 


20 


28 


18 


42 


19 


96 


18 


28 


17 


71 
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Table 10: Optical magnitudes of the USNO Bl catalog for the AGUs (OOh - 12h). 



2FGL WISE Bl Rl B2 R2 I 

name name mag mag mag mag mag 



.10009 


1+5030 


J000922 


76+503028.8 








19 


74 


19 


35 


17 


32 


J0018 


8-8154 


J001920 


58-815251.3 




15 


86 


16 


62 


16 


13 


15 


33 


J0022 


2-1853 


J002209 


25-185334.7 


19.05 


18 


63 


18 


07 


16 


95 


17 


29 


J0022 


3-6141 


J002200 


08-514024.2 




16 


66 


17 


38 


15 


94 


16 


65 


J0045 


5-1-1218 


J004543 


33+121712.0 


18.22 


17 


40 


18 


75 


16 


91 


15 


66 


J0051 


4-6241 


J005116 


62-624204.3 




16 


95 


16 


83 


16 


69 


15 


78 


J0059 


7-5700 


,7005846 


56-565911.4 




17 


45 


17 


39 


16 


95 


17 


07 


.10110 


3-F6S05 


,7011012 


84+680,541,1 


18.66 


16 


51 


18 


14 


16 


33 


15 


37 


J0134 


4-H2636 


J013428 


19+263843.0 


16.87 


16 


74 


17 


09 


15 


91 


15 


55 


J0156 


4-H3909 


J016631 


40+391430.9 


17.99 


18 


05 


18 


71 


19 


03 


18 


25 


J0156 


5-2419 


JO 15606 


46-241754.3 


21.01 






20 


86 


21 


40 






.T0207 


9-6832 


,7020750 


91-683755.1 




17 


62 


20 


02 


19 


05 


18 


21 


.T0210 


7-5102 


7021046 


19-510101.8 




14 


85 


17 


39 


14 


82 


15 


13 


.J0238 


2-3905 


,7023749 


42-390050.3 




16 


86 


18 


04 


16 


94 


17 


81 






,7023800 


62-390504.6 




17 


52 


17 


63 


16 


59 


16 


96 


J0248 


6-H8440 


J024948 


30+843556.9 


19.50 


18 


43 


19 


42 


17 


62 


17 


01 


J0253 


4-H3218 


J026333 


64+321720.8 




19 


83 


20 


39 


19 


69 


19 


46 


J0309 


3-0743 


J030943 


23-074427.4 


18.33 


15 


96 


18 


16 


16 


01 


16 


71 


.T0332 


,5-1118 


J033200 


72-111456.1 


17.78 


17 


08 


18 


85 


17 


75 


18 


30 






,7033223 


2,5-111950,6 


19.41 


17 


66 


18 


90 


16 


71 


18 


00 


.T0333 


7+2918 


,7033349 


00+291631,6 


17.49 


17 


24 


19 


11 


16 


44 


15 


73 


.T0334 


3+6538 


J033356 


74+653656,0 




18 


93 


19 


70 


17 


66 


17 


01 


J0424 


3-5332 


J042347 


22-533026.6 




17 


22 


18 


21 


16 


50 


17 


42 






J042504 


26-533158.3 




15 


54 


17 


41 


16 


14 


16 


18 


J0433 


9-6726 


J043344 


12-572613.3 




17 


73 


18 


90 


17 


78 


18 


67 


.T0438 


8-4521 


J043900 


84-452222.6 




18 


37 


20 


85 


19 


48 






.T0456 


5+2658 


J045617 


36+270221.1 


20.42 






21 


50 






18 


68 


J0505 


9+6116 


J050558 


78+611335.9 




18 


71 


20 


73 


18 


67 


17 


30 


J0506 


7-6436 


J050657 


80-543503.9 




16 


96 


16 


73 


16 


91 


16 


25 


J0508 


1-1936 


J050805 


76-194721.6 


17.57 


17 


51 


19 


44 


18 


22 


18 


09 


J0512 


9+4040 


J061262 


53+404143.7 


16.46 


15 


11 


16 


39 


16 


36 


14 


83 


J0525 


5-6011 


J052537 


74-601732.0 




20 


68 






20 


86 






J0532 


0-4826 


,7053158 


61-482736.0 








20 


61 






18 


98 


J0537 


7-5716 


7053748 


95-571830.2 




17 


23 


18 


07 


17 


17 


17 


83 


J0609 


4-0248 


J060915 


06-024754.6 


18.05 


17 


47 


18 


23 


16 


92 


16 


47 


J0621 


9+3760 


J062167 


63+375057.0 


20.30 






20 


29 


19 


96 


18 


63 


J0644 


2-6713 


J064428 


06-671257.3 








20 


47 


20 


87 






J0647 


8-6102 


J064806 


55-610507.4 




18 


75 


18 


89 


19 


26 


18 


05 


J0653 


7+2818 


J066344 


26+281547.5 


19.16 


18 


26 


18 


12 


17 


54 


17 


72 


.J0700 


3+1710 


J070001 


50+170921.8 


18.29 


18 


08 


18 


55 


16 


02 


17 


10 


.T0700 


3+1710 


,7070046 


29+171019.8 


18.32 


17 


18 


17 


29 


17 


23 


16 


70 


J0703 


1-3912 


J070312 


64-391418.9 




16 


41 


17 


06 


17 


18 


17 


93 


J0706 


5+7741 


J070661 


32+774137.0 


17.44 


17 


63 


17 


44 


18 


00 


16 


36 


J0706 


7-4845 


J070649 


12-483911.4 




18 


96 


19 


14 


18 


63 


18 


10 


J0709 


3-0256 


J070945 


05-025517.4 








19 


61 


19 


29 






J0726 


0-0063 


J072550 


63-005456.4 


17.63 


16 


68 


17 


41 


15 


82 


15 


91 


J0734 


2-7706 


J073443 


44-771113.4 




19 


76 






20 


77 






.J0746 


,5-0713 


,7074627 


48-070949.7 


19.73 


18 


81 


19 


64 


19 


52 


17 


37 


J0746 


5-4758 


J074642 


30-475455.2 




16 


58 


18 


18 


16 


99 


15 


85 


J0816 


7-2420 


J081639 
J081640 


46-242635.4 
41-242106.6 


18.00 
19.42 






18 
20 


26 
70 


18 


06 


16 


14 


J0823 


0+4041 


J082267 


55+404149.8 


19.00 


18.7 


19 


34 


19 


47 


18 


16 


J0844 


8-6469 


J084602 


47-545808.5 








19 


35 


16 


80 


17 


65 


.J0849 


9-3540 


J084945 


61-354101.2 




19 


03 


20 


27 


18 


45 






.10852 


4- ,57,56 


,708,5238 


( O-O (^DD29,4 




IS 


99 


18 


70 


19 


08 


18 


22 


J0855 


1-0712 


J085435 


20-071837.5 


16.39 


16 


26 


16 


07 


15 


93 


15 


29 


J0856 


0+7136 


J085654 


85+714623.8 


19.79 


19 


05 






19 


75 


17 


29 


J0858 


1-1952 


J085805 


36-195036.8 


19.19 


18 


54 


18 


63 


18 


93 


17 


76 


.T0904 


8-3513 


7090423 


42-351203.0 




18 


27 


20 


10 


18 


26 






.10906 


2-0906 


7090618 


05-090544.9 


19.06 


19 


13 


19 


07 


18 


59 


18 


04 


.10919 


3-2203 


7()92()()2 


74-215835.0 


18.55 


17 


99 


19 


26 


19 


24 


18 


12 


.T0940 


8-6105 


7094047 


33-610728.5 




16 


51 


18 


03 


16 


68 


16 


29 


J0941 


9-0755 


J094221 


46-075953.1 


19.82 


18 


84 


17 


66 


17 


91 


18 


08 


J0946 


9-2541 


J094709 


62-254100.0 


16.68 


16 


80 


18 


16 


16 


71 


16 


62 


J1016 


2-0638 


J101542 


96-063055.1 


19.24 






19 


94 


19 


70 






.T1016 


2-0638 


,7101626 


98-063625.2 


19.98 






19 


81 


18 


86 


18 


07 


.T1045 


,5-2931 


J 104540 


62-292726.4 


19.30 


19 


06 


18 


77 


19 


17 


18 


64 


.T1103 


9-5356 


7110352 


22-535700.7 




16 


12 


17 


82 


16 


42 


16 


02 


.T1106 


3-3643 


,7110624 


04-364659.0 




18 


71 


19 


65 


19 


20 


18 


37 


J1154 


1-3242 


J 115406 


16-324243.0 




17 


96 


19 


06 


19 


00 


17 


94 


J1230 


2-5258 


J 122939 


88-530332.1 




16 


62 


18 


03 


17 


41 


16 


72 


J1238 


1-1953 


J123824 


40-195913.4 


18.03 


17 


48 


17 


66 


17 


01 


17 


97 


J1239 


5+0728 


J123924 


58+073017.2 


19.07 


17 


76 


19 


34 


17 


92 


17 


96 
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Table 11: Optical magnitudes of the USNO Bl catalog for the AGUs (12h 



2FGL 




WISE 




Bl 


Rl 


B2 


R2 


I 


name 




name 




mag 


mag 


mag 


mag 


mag 




6 + 3331 


.Tl.'-i0147 


03+332236.3 


19.82 


20 


04 


20 


33 


19 


38 


] 




J1303 


8-5537 


J 130349 


23-554031.6 




16 


82 






17 


92 


17 


63 


J1304 


1-2415 


T1 '^041 fi 


70-241216.6 


17. 10 


16 


66 


19 


94 


18 


16 


16 


60 


J1304 


3-4353 


J130421 


01-435310.2 




15 


75 


17 


48 


16 


10 


15 


48 


J1307 


5-4300 


J130737 


98-425938.9 




15 


75 


16 


26 


16 


68 


14 


98 


J1307 


6-6704 


,7130817 


51-670705.8 








20 


40 


17 


68 






.J1329 


2-5608 


,7132901 


16-560802.5 








17 


38 






17 


11 


.J1330 


1-7002 


J133011 


34-700312.7 








16 


45 


17 


37 






J1351 


3-2909 


J135146 


85-291217.4 








20 


22 


19 


44 






J 1406 


2-2510 


J 140609 


60-250809.2 


16.79 


16 


26 


16 


20 


16 


61 


15 


95 


J1416 


3-2415 


J141642 


23-241021.2 


18.39 


18 


16 


19 


02 
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